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ADVANCES AND PROBLEMS OF RADIO ENGINEERING IN THE USSR
Syery 7 May the Soviet nation marks the glorious anniversary of the

invention of radio by the great compatriot A. S. Popov.

Like other branches of science, radin engineering attained real develop-

ment in the USSR only after the Great October Socialist Revolution. The atien-

tion paid by the Communist Party and by the government to the development, of
science and engineering, to the development of the national economy, to the
improvement of the well-being of the Soviet people, to the maximum fulfillment
of their material and spiritual needs == all created the necessary foundations
for a tremendous expansion of radiotengineering in the USSR. During the years
of the Soviet regime tremendous progress has been made in the radio industry
and in the network of radio engineering research institutes, laboratories, and
institutions of learning.

The historic resolutions of the Nineteenth Congress of the Communist
Party of the Soviet Union and of the September Plenum of the TSK KPSS, and the
decisions of the TSK KPSS and of the Soviet government concerning the develop~
ment of television and UHF broadcasting, increasing the output of television
and broadcast receivers for the population, and jnstalling radio equipment in
rural localities, have uncovered before Soviet radio engineering extensive
prospects of further development. .

The development of radio engineering is to follow three basic paths:
systematic and unceasing improvement of all qualitative indices of apparatus,
mastery of new bands of electromagnetic waves, and expansion of fields of
application of radio methods and electronics. Considerable advances have
already been made along these lines. These aims also characterize the trends

of further development and determine the immediate pgactical tasks of Soviet

radio engineering.
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Improvement in the radio-telegraph, radio~broadcasting, and television
“transmission systems calls for new receiving and transmitting apparatus.

Further increase in the effective range, reliability, simplicity, and
ease of operation of equipment requires an unceasing improvemesnt in theory,
the creation of new and original devalovgents, search for new materials, a
better manufacturing technology, and improvement in operating methods.

Modern professional receivers afford accurate reception of radio signals
}HT

at teceived radiation intensities of 1013 to 10™ watts per squire meter.
This corresponds approximately to the radiation intensity obtained at a dis-
tance 200 to 600 kilometers from the bulb of a pocket flashlight.

The high sensitivity of radar receivers has permitted the reception of
weak radar signals reflected from the moon. Greater still is the sensitivity
of modern radio telescopes (i.e., devices intended for. reception of radio waves
from cosmic bodies) consisting of highly~-directional antennas, receivers, and

-~

recording devices.
As the number of radio stations has grown and as transition has been

made to ever shorter wavelengths, one of the principal processes of radio
transmission, the generation of electromagnetic oscillations, has changed
fourfold during the half century =- from spark transmitters of damped oscil-
lations through arc oscillators and high-frequency machines to modern vacuum-
tube oscillators.

The application of radio communication in various branches of the
national economy and the development of radar and radio navigation have im-
posed high demands on the modern vacuum-tube oscillator and radio tranamitter as

a whole.

As early as 1922 Soviet specialists created the mightiest radio-broad-

; casting station in the world. The capacity of Soviet radio stations is still
STAT
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continuously increasing.

The first period in the development of radio engineering, from 1895
to aporoximately 1918, was characterized by the use of longer and longer waves.
The successes of the first experiments of radio amateurs, who could communicate
by radio over very large distances with transmitters having outputs of a few
watts, led to intensive study of the short-wave band during the twenties.

The use of the short-wave band produced an economic and reliable solution
to the problem of communication over a long distance, and also permitted the
use of manv channels without mitual interference. However, the continuous
exnansion of new communication services soon exhausted eveﬁ the potentialities
of this band. This circumstance, in particular, oroduced a rreat interest in
the study of even shorter wavelengths. These works were spurred on by the fact
that new radio services, such.as television and radar, célled for channels of
very ereat, bandwidths. This led in recent years, and particularly during the
breat Fatherland War, to the use of meter, decimeter, and centimeter waves.

There is perhaps no sinsle branch of science or engineering that offers
more examples of the linking of one branch of science with another than does
radio engineering. This 1s explained chiefly by the flexibility of radio
methods, the ease with which physical, chemical, and mechanical quantities are
transformed into elesctrical quantities, the universality of electric instruments
and their frecdom from inertia, and the possibility of remote control and
automatization of the apparatus.

in idea of the volume of work and tasks of the radio industry can be had
from the resolutions adonted in October 1953 by the Council of Ministers of the
USSR and by the Central Committee of the KPSS concerning increased oroduction

and imorovement of the qualivy of industrial products for mass consumption.

STAT
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“Fhus, 2,861,000 radio receivers and 325,000 television seta’are to be produced

o . RS
in 195k, and 3,767,000 radio sets and 760,000 television sets are to be pro- °

duced in 1955. At the same time the number of models is to be increased, the

quality and external appearance improved, and the~coat lowered.

An essential condition for a sharp increase in production and for the
resultant decrease in cost is full utilization of the internal reserves of the
plants ~- mechanization and automatization of manufacture, and employment of
progressive technology. For example, an analysis of the cost of radio sets for
mass consumption shows that it is determined principally by the cost of parts
and radio tubes. It follows therefore that the manufacture of radio parts, of
attachments, and of individual units should be organized in individual spe-
cialty enterprises. Production in these enterprises should be automatized and

(j) mechanized to the limit; the designs of the parts and units should be normal-
ized and standardized.

The continuous growth of the economic and engineering might of our
Fatherland, and the mighty accomplishments of Soviet science create exceptional
potentials for further creative workby Soviet scientists and engineers in the

building of a communist society.
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OPTIMUM TRANSITION BEITWEEN TWO DIFFERENT UNIFORM LONG LINES

by

P. I. Xuznetsov and R. L. Stratonovich

This work gives a solution to the problem of selecting the optimum
matching section between two uniform lines, using a section of a non-uniform
" line.
This work contains a solution to the problem of finding the best equa-

t’tion for the variation of ‘the varameters of a non-uniform line that matches
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el '. ‘ two uniform lines with characteristic impedances )/5‘1 and Fz. To get the
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~minimum reflection in the transition piece, it is natural to make the non-
uniforr;l line as long as possible. However, this length is usually limited by

technical consideration. Let f be the maximum permissible length. We shall

seek the best transition function for orescribed values off s 50 1 andf o
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For symbols and numbering of equations we refer the reader to our earlier
work (1) .
;1. Before proceding to solve the problem posed above, let us consider

-several questions associated with the reflection coefficient:

Lx=plx
xX=p )" (1)

Px)=
Zx+p(x)

which satisfies the Riccati equation
) . /2 s~ N P N = 0.
.',\ + ZT, + , ( 2)

» -~ The boundary contition for this equation is obtained by setting

X=0in (1)
1L (O): o
P ' (2)

The boundary value p, is the reflection coefficient directly at the load

due to the fact that the load does not match the termination of the line.

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0

Let us assume first that the line is loaded at the point x = 0 with an
impedance equal to the characteristic impedance P(o). Then there will be
no reflection from the loads Let us dencte the reflection coefficient fron;
the non-uniform line for that case, by p; (pl User / Uine ), and the trans-

/ U.

trana ine )e Now, let the generator be

mission coefficient by qy ( q =
placed at the other side of the non-uniform line. For a wave travelling in

the opposite direction, the reflection and transmission coefficienta will

be p, and Q5 = q, /01 / ¢ . respectively.

If 2 ;‘f (0), tho reflected wave in the uniform line, at x>€, is

obtained by adding the waves that are multiply reflected from the load and

from the non-uniform line. Consequently, the reflection ccefficient at x>€

equals p=p,+ 0 P.q:+ Q. PePsPoT: T €1 Po(P2P) Qs+ + -+ =
Pr + (1.9 — P1P3)Pa 4
= . ( )
. 1—papo

(3)

Using the functiaons introduced in reference , the reflection coeffi-

cient canbe represented in the ®Hllowing tbrm

alxV+d(X)p, (5)

PX) = oI

with the following boundary conditions:
T g(0)=0; BO)=1; c(O}=1; &(0)=0. (6)

It ia important to know thesn functions for x = 6 » Since

py= :ig p:= —“i—((%' q19s—P\P>== c:g (6a)
which is a consequence of comparing (-L;) with (5).
Using the same method is in an earlier work(l) it is possible to ‘prove
that p(x) can always be represented in the form (5) with boundary conditions
(6), and to derive differential equations for a(x), b(x), c¢(x), and d(x).

The expressions a(x)/c(x) ard b(x)/d(x) are particular solutions of the

€2) and consequently
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cia’ + 2a — N¢) —aic’ — Na)==0, (7
d(b’ + 27 — Nd) — b(d" — Nb) = 0. (8)
(1), we obtain

Furthermore, as in paragraph 4 of reference
(9)

d'c —c'd = Nbe — ad).
If we require that functions a(x), b(x), c(x), and d(x) be related by

the following equation:
¢'(x) — N(x) a(x) =0, (9a)

we obtain, by taking (7), (8), and (9) into account, the following systems

a’ -+ 2va==Nc; ¢’ = Na,; (10)
b+ 21b=Nd; d =Nb (11)

of equations:

with boundary conditions (6)
Multiplving the first equations with an integrating factor exp(2 '}'x)
and integreting them, we obtain the systems of intearal equations first
(3 ): these

derived using another method by A. L. Fel'dshteyn in reference
equations were solved by him using the method of successive approximations.

Let us find the optimum transition function between two different
1 and @ , for

/

2.
uniform waveguides with prescribed characteristic impedances F
The propagation constents of

a definite length © of the transition link.
We shall indicete in a subsequent work

the two lines sre assumed the same.

how to get rid of this limitation.
It is important in practice to have the minimum power reflected at

frequencies lying within the opersting band { 1<U('~" ’2. The optimum tran-

sition function N opt(x) for the prescribed frequency band will depend on’

4 and J_’z. e require that the integral
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- |
S oms dw ‘{

(11a)
have a minimum value when the power of the incident wave is constant for the

prescribed_ pass band

Uned U o
Wpas =~ Repy; (11b)

The power of the reflected wave equals
w _U_‘_"'!_ﬁf_ke Py (11c)

onp

In view of the fact that Wine 18 constant, it is possible to seek a
vy -y -y

minirmm of the integral ; S‘ Lomp feu== S _‘.Ii‘!'_'!ﬂ"'_’.da-— f pptde,

”mld Unao Ull“

For the reflection coefficient we shall use the first-approximation

formule 1
p= —e"*“_(ea"ME)dE.
0 (12a)

cited as number (26) in reference(l).

For the normally encountered lines, y = iw /v, where v is the phase
velocity of the wave. Analogous computations can be carried out for the

second dispersion Taw. Using~ & i%/v, we shall rewrite (26) as follows:

- L J
-2]7.\' 21 —.—

p=—¢ fe N(&)as. (12b)

.o AT(4-E)
Substituting this expression into (12), we get:-’ = J' J' j' N() N*E)d
Integrating with respect to (i) snd introducing new vari.ables
3
c
y = x-a =§—a, y' =. -8, a = £/2, we find

J = jajaQ (y—y"WN,(y).V, (v )dydy’, (124)

—ua —u

Where - [ 1 2% (p o x) 12 (e

’ —e ]v Nl(y)-‘N()’+a)‘N(x)- (126)

N v -
QY=Y )= %)
. From now on we shall drop the index 1. The minimum of J must be found

e 1 p
under- the condition S N(x)dx = - lﬂ-P—:'- (13)
-a

8
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' Let us first restrict ourselves to the case when ril//’ s is a reel
quantity. Then the unknown N(x) is also a real functione

Since .i(x) is real, ther

L] a
;e | [ EG=yININday, (14
-4 =—a
| :
; where
, P— . v -y
~KU___V']—_—ReQ(,V—y )“-—"-.)‘—-\737—"( Sin2u)’ ‘_;_. — SN 20)’ ” ). (ll]&)

e shall use a direct method to find the minimum of J. Ve shall seek the

optimum transition function Nopt(Y) in the form of e series

L, -
® N = Baiw(y) (13)
1=V
of the following orthonormal functionas
1 1 _rmy . b g™y 12.3...) \
o, = - Voo mm e COS—= 4 B2 = SID (m 1,5,0. /16 )
70 '/Q—a_ ¢ T2m Ya a ’ ! Y a o ' ) (v
Substituting (15) into (14) we get
x PO , , ,
J= 33008, | [ K=y 7m0 200 dydy" (17)
m =) n=0 —a -u

The kernel K(y-y') is continuous and bounded, and therefore it can be

repreéen.ted. in the domain -a £ V¥ ¢ a, -a £ y'4 a , in the form of a

sex.'ies -
Kiy=-y)= 3 X Cmn®n' 2D (18)

me() ned

9

STAT
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Con = S. S"K(y—-y')?..(y)?,.(V')db"-i" (19)

ven
Here ¢, = Cpp since the kernel K is =ven.

By comparing (19) and (17) we get

@ P

J=F 3 Cartntn: (20)

The above operationa are valid if both N(x) and K(y-y') can be represented
in the form of the convergent series (15).
Condition (13) assumes the form
| infL, @1
Thus the first coefficient in the expansion (15) has been determined.
Let us £ind the remaining coefficients. We seek the best approximation to the

extremum among those functions that have k firat harmonics:

Nk(y) == ian ?n(}')' (22)

'

By letting k approach infinity, i.e., by increasing the class of the
functions that are being compered, we obtain the exact extremum as the limit.
Homever, one must not use too large a value of k in the case under cansideration,

inasouch as the first-approximation formula was used for the reflection
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. coefficient, and there is no advantage in computing Nl: ta a higher degree of

(1)

reference .

We seek a minimum for the expression

- <] oo
J,‘(a;, a:, o« o @ ak)= 2 2 c.ﬂ aﬂ al’
My Aoy

The extremum conditions asume the form

k
_‘;)_d‘,'__.::“'_)z clnan-_—:o' (i=l,2 o k)- (22b)

net}

We obtain a system of k equations relative to the unknowns a;, 85998y

&
Nicin Gy==cp @ (=12, ... k). (22¢)

A=l

. The coefficients ¢ for which m +n is odd vanish. In fact, from (19)

and (16) we have

d‘ [ ] x =y , ,
';-_\ S K(y—-y')cos-*:ysln —a-y dydy’.

(224)
Changing variabless 7 = -¥, "Z' = «y' yields, since the kernel is evens.

€op, -1

1 * .0 ’ _"_l‘_ : 2_ ’ '=-—
=—TLjJK(n — ) cos —n sin = o’ dndn Can et (22¢)

i.eo.

T. e Gy 90— ™=0 (a Takxe c,‘_,_,p=0. TAK KAK Cpy=Cpra)-

2 Pagmorexumna N 2 (22f)

Bince ¢ vanishes for m + n = 2i + 1, the system (23) divides into two

systems of equations:
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,.’L_"‘- 132, LI )

L

‘
|

)2y 2;-|.2~-: o, =0 ve=12,...%
vl ;

e -

is necessary to salve the systes: (3).

Bquation (au)yzl-m

(26) |

= —4—5. j. K(y—yicos—y dydy’,

ay'2 *gta

SR
Cse

‘a @ x s
! —y')cos — 2y dyly’.
| c’.;:_‘--g_S;K(y y')cos —ycos— ¥

From equation (22) we obtain

r~ul k3
_ % _(14+V2Z=ces—y)
Ny ()= —=t Treos

e w—— - )

Romingtothrnrhbh x=y +a we gst o

Nix)=! ,(x—a)—_—:/‘-;"—a_-(l-— Vf:'—:cos-:—x). @n

0, and ¢__ Temains
Assume that ‘01"’0 and‘caz-pg.. ‘I'hencao-) ’ o

‘finites ar
. Equation (27) yields _(m\E
p(x)=p: ( ' ) (278),

- -

Thus the best transition piece for an operating frequency range b etween

-

- %A

» mar

* : : \
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. 0 and infinity would be an exponential lince.
It ',al/ /’2 is a complex quantity, the above method is applicable with

the llowing modification, that instead of (22) it is necessary to use

le=-'- E(a” + ibn) ?n( y)‘ (27b)

n=0
Corresponding to the inecrease in the number of unknown coefficients is
the increase in the number of equations:

‘.’.'-,-K= . 2{~= {=—
dar 0; 3b; 0 (=12, ...%),

J. = 2 2 c,,,,,(a,,a,,-{- bmbn)' (276.)

m=0 n=0

Remark 1, The minimum of expression (14), under condition (13), can alsc

be derived with a variational methode..

Again we restrict ourselves to the case of real pl/ fo and take the

variation of (14) under condition (13);. we obtain

[ J NG NG 4 Nt R (I Ky — y')dydy + ) J AN(yYy =0, (o4,

- —a
.

where 2 is the Lagrangian multiplier.
Interchanging y = y* and y' =y in the second term inside the square

bracket, and making use of the symmetry of the kernel K, we obtain

_J a[_f’f (y—¥)Niy)y +\|3N (y)dy =0. (224

f Ky —y')Ny"dy'+ ) (y)=0,

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0

£a

l(y) = conste at o £y &

The solution to this integral equation yields the optimum function
N(y); this solution can at least be obta:ined with the method of successive
appraoximatianse

Remark 2. In some cases it is essential to have not only the minimum
reflected pawer, but it is also important to have a low value for the maximum
reflection coefficient ‘ p(w )max' in the prescribe.d frequency band
Wy < ) é (P It is therefare possible to phrase the entire problem
differently, and namely to seek such ‘a transition piece in which
| p(w )l ( @) g L @) has the minimum value. However, this
makes it difficult to f£ind the optimum transition analytically. On the other
hand, if the proposed method is used, therewill be no anomalies in the
function lp( w ) (501 < od L wa) if there are no peaks among the
a,'s(n =1, 2ev.esek), iee., if some of the a,'s do not differ radically
from the remaining ones. If we see upon computing a; that there are no peaks
among the a,'s, we can be confident that there will be no large valuea of

p(w )Y, ¢ w,<P<w, )
Let us note that there can be no greater peak of  |p(ead ) than the

value |p(Q)h as follows from equation (26) of reference ().

lpe] < [p(0) = In £ (27n)

On the other hand, the peak at zero cannot be eliminated and is independ-
ent of the form of the transitione. The questiocn of secondary peaks should
therefore not become acute if they are mmaller than the certainly-present peak

at zero frequencye.

STAT
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CONCLUSION

. i, The external perameters &, b, ¢, end d of the four-terminal network
thrt is equivalen‘t to a non-uniform line cen be obtained with a briefer meth-~
od than that proposed bv A, L. Fel'dshteyn(B); with this, the Ricceti differ-
entisl equation is used for the reflection coefficient. It becomes possible
to break up this equation into four simple equetions for the unknown external
parameters, snd then change to the integrsl equations obtained by A. L. Fel!

dshteyn (3) .

2. The problem of optimum trensition between two uniform lines with
different cherecteristic impedances was considered by V. A. Il'in(z) and
A. L. Fel!dshteyn(34)

the latter rcaches the conclusion that the optimum line is the one
approximating most closely the probability curve(i.e., one in which N(x) =~
Noe"axz).

A eriterion of the line being &an optimum one, as selected in references
(3, .l‘), is the concentration of the spectral function of N(x) in the vicinity
ofw = 0.

The op‘bimmx-line criferion used in this article is minimum power reflec~
tion in the prescribed “requency band (¥ 12 ‘*’2). Suf:h a condition appears to
be more rational. The use of this criterion mekes it possible to obtein general
expressions with which to determine the optimum functicn for constructing the
non-uniform 1in~ thet metches t.o uniform lines with different characteristic
im;.;edpnces. |

Ar‘bicle' submitted to editor 27 September 1952.
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1T

Gorg} ere T in *7 (erm mwe geyers | pronlens esiceicted Wi corputsti

o® wrve nrs i ‘ertion of ¢ v.lse Lt vrss’ 3 thro.ih » mini-um--h:se
1ins =r sy-tew, sten only Sve “re-yercy choroeteristics o 4ve l-tter are
‘yown. The weve form-dictortion cor Picient ¢’ the imnrl roor whole snd tle
time s*if* of t» i~ “re used Lo provide » quentitetive messure of suck
distoriicn. It is shown ot the seme +ime tve* the sideninc o “he pass tend
of tyriecsl frequency ch' racterist’cs is «gsocis'ed with an sutomrtic widerins
of +Fe linearity bend o7 +he rhrse chrracteristic,
1, IuTi UCTION

The distortions in ~ si™msal prssing throuch e lincer system result from

tte “re¢* the* nc prre icrl r:éio circvit hes ide'l frequercy and vhsse char-

acteristics,

As Tonz rs one is merely spterc sted in the fait! ful renrcduction of the

frecuency snectrum of the s*mal, *the nhrse ch-r cteristics of the circuvits
need not be trlen into sccoun®. This is apr licehle to a wicde extent in redio-
telenhecne transmissicn systems. Yowever, for transmission types in which it is
smriortent rr a whole (%rlevision, rader, etec.) it is essen® izl to teke also the
phese distortion into rccourt.

The distortion in e 1'near system must +hus be computed taking bo~h the
frequency end nh-se chrrncteristics into account. However, there exists a
lsarge cless of ! 'nerr radio circuits—-the so-called min mum-phese networis—-
for wrict there is & unique relotions' ip between the {requency #nd phese c¢hSTAT
acteristics. The determinstion of distortion in such networks reduces %o a

mere celculation of the form of the frequency cheracteristic, for once the

freovency characteristic is given, the nhase characteristic cen be obtained

fror it sutomrticelly. As it therefore becomes possible to select the band-
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width ¢f n sy~‘em ir*en-ed “or rerroduction of pulse simm:1s cf v:rious “orms
ir such » wn, th-* the simnrl “is‘ortion does no* evceed tlre rrescribed limits.

It hes been rstr-lished@ thri the recten-ul'r frequency cheracterist’c and
the line~r phase cherrcteristic, usually td4 en as ideal, wure not competible
with e-ch other, nor can eitker he individua’ly realizec. l\le are therefore
introducing in this work & st-nderd frecuency cherac*eristic (with e phese
cherecteristic cerreswonding to it), rnd a standard phase cheracteristic (with
a corresponding frequency chersc-eristic); both are realizazble in actual redio
netvorks,

To obtain a quantitrtive measure of distortion, we shell develop below
tpe total-squared-error criterion, nroposed by A. A. Kharkevich(l).

A detailed development of this criterion is used as a basis for invest-
igeting the vassage of vulses of varicus shapes through minimum-phase redio
networks, using two tymes of freocuency characteristics. The bandwidth required
for low-distortion reproduction of the signal waveform is established, It is
also shown thet the widening of the tand cf the standard frequency character-
istic of the systaﬂ is as:ocisted with an automatic improvement of its phase
'chpractéristic. Along with the development of the totel~squared-error criterion,
a new definition is introduced for the time delay of a signel; this definition
corresponds to the physical nature of the frequency group delay.

The fact that we restrict ouvrselves to minimum-phase networks is of little

substance, inesmuch as most practicel radio networks are of the minimum-phase

T T

e T T
The

we

type.

In the followiﬁg derivetions, 21l intermediate computations are omitted

-

and only the final results are given.
2. TYPICAL PHASE AND FREQUE!NCY CHARACTERISTICS

.'’A linear system is of the minimum-phase type if its transfer function X(p)

has néither poles nor zeros in the right half plane of the complex variable p.

8
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of the notwork, and its argment 17(09), i, e., the phase characteristic.

This relationship is (2 ):

- ——— . —

e

1n L) f?(“)(x.l.' ! )dx.

Cleo) x = o

It follows from equations (1) and (2) that a parallel shift of the
frequency characteristic along the abscissa axis results in an equal para-
llel shift of the phase characteristic, and vice versa. We shall assume from
now on that the origin of the frequency and phase characteristic has been
shifted to the resonance point °7=GU6.

A rectangular frequency characteristic and a straight-line phase
cheracteristic, usually taken as ideal, are not only incompatible with each
other, but in gddition, if either one is prescribed for a minimum-phase cir-
'cuit, the other is not obtasinable from it. This can readily be verified if
an attempt is mede to use equations (1) and (2) to compute the phase (or
ﬁreq;ency) chrracteristic corresponding to such an ideal frequency (or phase)
charécteristic. |

Given below are new standard characteristics which, unlike the above-
mentioned idenl cynracteristics, are realizable in principle in redio net-
works. We shall adoot as such a standard chsracteristic the phase charact-

. eristic shown in fin, 1, whose equation can be written in the form:

oo ="° "<A} 3)

KA w>A
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shere n denotes

Fig. 2 shows the frequency characteristic plotted from equation (4) When
a = 1 the stendard phase characteristic approaches the phase characteristic
of & resonsnt amplifier with a single oscillating circuit, and when n = 21t
approrches the cheracteristic of a double-tuned resonant amplifier.

Assume that K and 4 are large, but

—E- == xa? = cONSt;

then n y 1, corresponding to a tuned amol jfier with a lerge number of stages.
It is evident from (4) that for this cese the amplification factor will be
negligibly small for 2 4, For w >A , i.es, in the bend where the phase
veries iinearly, equation (4) cen be rewritten for the cese under consideration

sg followss

A

C,(#)=C, e’“i ._‘__(:_)"' o

<=0

0
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- .

It is evident from eq. (7) that the frequency characteristic can be
represented with sufficient accuracy by the Gsussian probability-distrib-
ution curve. The devistion of this frequency chesracteristic from a Gaussian
one will be less thaen 1% up to W = 0.85 A o At the same time extending

| — the section where the phase characteristic (3) varies linearly--produces
an increase in the bendwidth of its corresponding frequency characteristic(7).
E ~ Let us now turn to a consideration of a typical frequency characteristic,

We shall consider first s broken-line Etep typg] frequency characteristic

- (shown dotted in fig. 3), whose equation can be written in the following forms

*>4,

C; (@)= { ::.N

R R e Ll

AR
L 2]

o
3

T

AN F :‘

It follows from equation (1) thet the following phase characteristic

chould correspond to the above frequency characteristic:

N Arth -:—.<A,

Pg(®) = A
N Arth— e > A,

A standard frequency characteristic that approximates the ideal rectang-
uler charescteristic can be obtained from the frequency characteristic Cz(co )
by subjecting the lfatter to a deformetion as a result of multiplying CZ( W) by
the function,

' 1 «<A
f(.)-(i) m «>A,

[}

.o Whereby m? 1. Then the form of the frequency characteristic will remain
q unchenged in the frequency band w>d, but its trailing edge for w )A will be

as close as doqired to the abscissa axis (fig.3). The equation of the phase

J
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characteristic for such a deformrtion of the frequency characteristic will

agssume the form:

) oo
_Imle  xN - LR
- [ a + om Arth _-;+'§0m- (_A—) ]. oA (11)

Tt is evident from eq. (11) thrt the linearity of the phase characteristic

9)2(00 ) improves as the width A of its corresnonding tyoical frequency
cherscteristic incresses, The form of the phase characteristic corresponding
to the stendard freguency chrracteristic is shown in Tig. 4.

3, WIDENING OF THE LINEAR ') 'TION OF THE PHASE CHARACTERISTIC WiiEN
TUE PASS BAND OF THE FREJLUENCY CHARACTERISTIC IS EXTENDED, (Beginning of
finer print in original text) - Editor.

The connection between the linearity of the phase characteristic and the
brndwidth of the freauency characteristic, established above for standard
cases, crn be extended to any frequency charecteristic wnich differs little

from the strnderd frequency characteristic inside the passband., Let

- C
C(..)-.—(‘,l’-=.1+y(u).o<-<a. (12)

-\

Iy o

20 s’ In(l - u) dx+2:-S In C (x) dx. ] (13)

tw) s ——
?“') : r . o — X? = wd — X3

[} A

Neglecting the squere of p and denoting max,»(&)) by pr,» we obtrin for

the fo “owin~ estim-te for the “irst intezrzl o” the rizht side of (13):

A

n A
L (maw, . 2 o Arcth =, (14)
! 3 -?— X3 = -
0

The second term of the right side of (13) is proportional to the freq‘ency;
»t the seme time the integral, which is the rronortionality coefficient, depends

little on the frequency for W<A. Restricting ourselves to a quadretic correc-
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‘ tion, we cen represent this integral as followss

-J,=f{‘;?_—-‘ﬁ—-dx“ j":—.-c_(.é# .-.o ’ j‘f‘_mm | é_‘/“J

A

Denoting

we obtain after uncomplicated computations

Jg= %(l-{-r -}:-)

To determine the width of the linear portion of the phase characteristic
of the network, nssume the frequency band to be such that the relstive devie-
tion from linearity of the phase characteristic does not exceed within this band
a certain € ; i.e., we have for all values of @ within the linear portion of
the phase cheracteristic:
' 9(w)— e

t> =d
28

RA

It therefore follows from (14) end (16) that

#n A A » \2
s-.Atclh “+r(A) <8
i

i

It follows from (18) thet as the band A of the frequency characteristic
becomes wider, it is vossible to effect & proportional increase in the value
. of the frequenciesw , without disturbing the inequality (17). This means
that increesing the pess band of the frequency characteristic is automatically

eccompanied by en increasse in thé linear portion of the phase characteristic.
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Consequertly, if the bndwidir ¢f the frequency cherrcteristic is suf-
ficiently wide, »ni differs "ittle from the st-ndrrd, the required linearity
trnd cf the rhase charrcteristic will be autom-tically assured, and thus
the sim-=1s will be “~ith“ully renroduced when pessing through the linear
sve+ems, (Bnd of fine print in original) - Editor,

4o DETERMIVATION O “~HE EYTENT CF DISTORTION

To have & unifrrm s’'nzle-valued apnroach to the evaluation of the waveform
distortion, it is “irst necesser to agree on the criterion of faithful re-
production of » simel, We shall use & nower criterion, w'ich reduces to the
ev-lurtion o the overall devistion of the waveforn of the received signal
from the form of the trrnsmitted si mnl, with resmect to the amount of the
*otrl squrred error(l). The squered-error criterion can be made quite
strinwen* =nd suitstble for rpnlication to many protlems of simal waveform
re~rodiuction ‘n r-dio enz'reer‘ng,

Let the “orm o° the envelope o the siwm:z:l eprlied to the network be
represented by thre function u(%), =nd let the distorted form of the enve-
lore o7 this risn 1 ~t the output o the ceme networvy be represented by the
function e(*). As » mersure of the distortion of the sionsl as it peasses
throush the nefwor , we trve the value +f the lerst squrred deviation of the
env-lore of the fistqrted sim:7, rel-tive to the envelope of the undistorted

sims?, i,e., the inte;r-l

10 B)=] [e(®) —ut—t)Fdr. (19)

The mersure of distnrtion, as determined by es. (19), Jderends on two
prremeters, the norme”izing multiplier | *nd the time shift tos with the
' Irtter indicatin~- the ncsition of the undistorted simel relative to the dis-

Al fal . 3 0 .
‘orted cne, In conformance with the accented def*nition, these parameters
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should be obt-ined from the condition'that the funciion 7 (;l R to) te a

minimum. Apnlying this condition to (17) we obtain

i e(tyu(t—to)de)
M= — — , (20)

oo

§ e2(t)dt

v

o’

where w is the nower level of the sijnal, equal to the power delivered by

the undistorted signrl to a unit resistive load, i.e.

' - [ ] [ J *
wa==| u’(t)dt=£ u?(t —t,)dt. @l

Let the following quentity be called the relative signel-distortion

coefficient due to pessage through the network:

(f e(t)u(t—to)de)?
v=.la==| — = . (22)
w
w | e(t)dt
V]

In accordance with the minimum condition v(to), the time shift t, must

satisf{y the equrtion

d
e —t,)dt=0.
. § e(t)u(t—1ty)

The quentity t, computed from eq. (23) can be used to define the delmy
time of the distorted signal. Suéh e definition describes more accurately
the physical substance of the occurring frequency grop deley then does the
definition adopted in the litereture, usually releted to the tangent of the
slone of the ph-~se chearecteristics at the Srigin.

The perrmeter t, must be considered as & chrorecteristic messure of
siwmnl distortion, supplementing the psrameter 4 , The full descrintion of
the signal distortion is thus accomplished with two psremeters: the distort-

ion coefficient ¥ end the time shift to‘

o T

i
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‘ In case of 8 simal having a rectengular-pulse envelone of duration ¥, equation

(23) reduces to the following:
e (t. + ‘) - e(t.),

For s signal with triangulsr envelope the form is:

-

fhh+9
§ e(at.

o+ =
*T 7

b
to+—
*T e

5. F16. & 'S e(t)d[=-

I3

Ty
Beginning of finer print in original - Editor.

To judee the extent by which the adopter critericn is sengitive to changes
in the form of the sigmel envelopes, let us compute the distortion coefficients
in the simplest crses. When ¢ rectrngul8r pulse of duration of passes through

e network thrt produces distortion at high frequencies (fiq. 5), we heve

e

[1——;;|n(2—e-") ]’.
l_l—c' '

Be

(%)

v=1—-+

-

to = -—;— n(2— ).

Fig. 6 shows several pulses that ere distorted after passing through the
network under considerstion, and indicctes the corresronding value of + eas
computed from eq. (265_.

Let us denote by K(iw) the comrmlex transfer coefficient of the network,
to whose snput & redio pulse with emnvelope u(t) and cerrier frequency & s is

‘ appliied. Let the complex s%;ectr:al density of the pulse envelope equal R(1iw).
Then the: d'i.;Btorted envelope of the radio pulse at the output of the network

can b3 represented with tre aid of s Fourier integrel of the following forms:

T, PR L P IR MR
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“
L

- __
o(0) = I.uo-')tm-r-_-él o', (3)

e P . - T R
B R L e T
- (N R A HER 8
K 3 A

s ® ®
v g1 " ams - go g

Fig. 6

0

It is evident from _eq. (28) that the pulse envelope obtained at the output
" of the network is the sezme as that obtained when a pulse without a high-freq-
* uency content passes through a network, whose characteristic is shifted into

' the low-frequency region by an smount co o(l*). The quantity K(iw) will there-

fore denote from now on the complex characteristic of the network, shifted in

TS T i e
,

the indicated manner toward the low-frequency region, and the radio-frequency

: it

pulse will be replaced by e d-c pulse.
Using (28) it is nossible.to rewrite eq. (22) for the relative distortion

coefficient in the following form:

0o 3
. {{C(-)m-)cos(?(-)—-tuldu}

Vo ] = ’

w - ]
J C3 (w) F? (w) du

where C(w ) and ¢ (@) ere the frequency and phase charascteristics of the net-
work, and F(w) = |R(1e)] .

5. PASSAGE OF VARIOUS SIGNALS THROUGH NETWORKS WITH STANDARD CHARACTERISTICS

We shall investigate with the aid of the adopted criterion the distortion of
signels with envelopes of varicus shapes, In the ex'emples given here the dis-
tortion will be evaluated only by the magnitude of the parameter ¥ .

In those ceses, when the signal is propageted without limit, it is necessary
to-establish arbitreriiy whet is meant by the duretion of the signel,

Let'uo be the maximum envelope voltage, which occurs et t=0 in the case of
. oG
fw

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0




Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0

the signals under consideration. Let the signal duration denote the dur-
ation of such a rectangular signal with voltage Uys whose power level equals

the power level of the signal under consideration, i.ee,

W
§ ur(e)at
—= .'_”_, (30)

) -

uy uy

For a bell-shaped pulse, whose envelope is represented by the

equation uz(t) - ue ‘/ ~t & ,» the duration equals

- ;—V%‘—". (31)

For a limited-spectrum signal, whose envelope is represented by the
equation u_(t) =u_ _sin t , the duration equals

3 ° 7%

P

T= —’;— (32)

The relative distortion coefficient is computed from eqe (29) as a func=
tion of the parameter // =Ar 7 » Lleesy the product of the bandwidth of the
frequency characteristic and the duration of the signale The width of the
pass band is meant to be the integral width of the band, decgemined as the

2
base of a rectangle having an altitude G and an area _1} cC(W)awe.
211y

When a series of N rectangular pulses, each of duration [ » Passes
through a network having a standard frequency characteristic, the equation
for computing the relative distortion coefficient assumes the forms

“ 2 — - -—

iy = " sin? = Z C, a(2cos '23,.&_)2 (N=2m+r l)_

LT
re=0

2 Cr, w(etN— 28,

r=0
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where

¢ Ner—1

Crow ;E A Ny ¥ A, 5y = (= llx( X )3 (39
=0 ¥

YU v —2 1
e T e am b -2 1%

p=0
X s1{[2(N —=2m + 7 — 1) —2p + 1] 2x);

Y 2w —2 1

e N ( (V=2m+r— ’)[2(N-2~+r-1)—9p1x
p.n P

X1 {2(N —2m + r — 1 — p) 27u). (35)

Here m = g( N;I ) 1a the integral part of the number N-1 |
and (p/q) is the abbreviated notation for the binomial coof-f?c;.:nt.
Fige 7 shows graphically the dependence of 4/ (r) on /£ for N =1, 2, 3e
When a bell-shaped pulse basses through a ::twork with a standard

frequency chanctorintio.. the relative distortion coefficient is
; W = 1 — @ (2 yT), (25)
where § -(x) is Cramp's function. If the pulse is of the limited-
£ ¥
! spectrum type, the ocoefficient is
A .
1—2 <05
(r)
3 Vs 0 B >05 N
. ' V(1) — )
” ) an ] 7 ':
!* 'i 3,
8 o\ i)
1 o) _J':_l Nl Figure 7
P e '
@ | <
g 202 Hy
; LN
;'f ) a7 2 3 6 F5 SN,
2 e
33
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The graphs corresponding to eqe. (36) and (37) :ﬁ‘ shown im Pig. 7.‘ Is Re
oan be seen from these graphs that if the distortion coefficient is rigidly
limited to a value of 3% the required pass band of the standard sharacteristis
ia determined from the following relationshipss

’

rectangular pulse AF > —:— (3)‘\l

bell-shaped pulse AF > 'oT's. (3) ,

0.5
limited-spectrum pulse 3AF>—". (40) ,

For the case of a network with a standard phase characteristic and n = 2,

the distortions are characterized by the following relative coefficients:

for the passage qf a rectangular pulse of duration T » Whereby /{ ) 23

e (_l__'ﬁl"f‘_')’ ® (’/_’7

1 07 ») (42)

8xu2
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lqunuu (hl) to (A;) are n,mxi-to. The lmutzou imposed in these

1’.,

'cqutuu"b. the pumtor y7i :Luuro sufficient acomcy for practieal
purpoc;l The dopm of ths dhtortion coottioiont on the parame ter V4
tor tlo case under oouuont:lon is muntod in the fon of suitable grlphs
in Fig. 8. The eomputed curves are oxtondod with dotted lines into the

regions where tho. equations given for the computation of 'V(§) are no
longer sufficiently accurate. The true values of the cécfticiontl for these
regions lie above these dotted curves.

From the graphs [resented it is evident that for a permiasible 3%
distortion the pass band of t.ha frequency characteristic, corresponding to

the standard phase characteristic, must be de'tomined from the following

relationshipe: -
4

rectangular pulse 37> T (9

1,2
bell-shaped pulse 4F > -, (45)

1
limited-spectrum pulse AF > b (46)

(End of fine print in original) - Editor.

CONCIUSION
le. Most practical radio networks are of the minimum-phase type, and

. con.;cqucntly their phase characteristic can be uniquely determined from the

3R
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' frequency characteristic. The distortion of the signals passing through such

networks can therefore be computed from the frequency characteristic alone.

2. Increasing the pess band of a frequency characteristic that differs
little from the standard one causes an automatic increase in the linearity
region of the phase characteristice The pass vand of the frequency charact-
eristic can always be increased in suech a way that the phase distortion can
be disregerded.

3. Using the total-square-error criterion as a measure of the distortion,
we £ind a new definition for the time delay of the signal; this definition
reflects more accurately the physical nature of the phenomenone

4o Inasmuch as the usually employed ideal frequency and phase
characteristics are incompatible with each other, nor can either one be
individually realized, it is best to jntroduce the standard frequency and
phase characteristics proposed in this articlee

5. For certain signal waveshapes, this article gives relationships
with the aid of which it is possible to detetmine the pass bands of linear

systems with standard characteristics required for undistorted reproduction

of the signal,

Article submitted to editor 31 October 1952.
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‘ ERRORS IN MFASURING FREQUENCY CHARACTERISTICS BY FREQUENCY-MODULATION METHODS
I, T. TURBOVICH
active member of +the society
The article proposes e method for determining the errors in measuring
the frequency characteristics of four-terminsl networks by the freq-
uency-modul-tion method. It is shown thet this error cen be divided
into two components, Simple formulas’are given for com uting these

components,

During recent years there hsr bren an eversincreasing development of
gethods for raridly measuring the frequency characteristics of various
electric systems, whereby these characteristics are presented on the
screen of the oscillozreph, However, because of the settling-down processes
that result, the frequency characteristics differ from those plotted point-
by-point,

The literature contains an snalysis of the question of the action of
frequedcy&modulﬂteé oscillstions on oscillating circuits with one (1’2)or

twu(B)degrees of freedom. This quection 1is discussed in greater detail in

reference (1), which slso conteins a thorough review of the literature.

v
)
F
.
5
1
¥
T
¥
,’B
1
o
P
%
3
I
Rl
?
3
P
)
by
3
S
b
8.
i
-
A

In the sbove works, the investization of the effect of frequency-mod-

T

ulated osecillations even on such simple oscilleting circuits leads to comp-

licnrted expressions, containing functions that have not yet been tabulated,

T

ZE

SR
Lt 2

This naturally makes the use of the derived expressions difficult, Reference
(l)coﬁfains a8 dynemic resonsnce curve of a tuned circuit for the case of a
rather rgpid change in the frequency of the apnlied voltage; this curve is
obtained by computetion, snd differs redically in its nrture from the static
resonance curve,

fﬁe‘question of the effect of freguency-modulgted oscillations on more
coﬁblex dscillating.systems.is not covered in the‘litereture, gzs far es we

~

know, . © . 35
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’ dovolop-ont of thuo methoda.

of great si@ificance in the design and uae of mutnnonta for rapidly

measuring frequency characteristics is an evaluation of rthe errors in meas-

urement results. Of practicel interest hoxe is only the evaluation of small -

errors, for once large errors appear the measurement loses its mesning.

The author of this article has undertaken the task of determining the

errors in meesuring frequency characteristics, assuming beforehand that

these errors are small. The problem can be formuleted in the following

LR AL A Bt e

manner:

A frequency—mcdulated voltage is applied to the investigated(paasive)

four-terminal network. The dynemic frequency characteristic of the transfer

coefficient is defined as the ratio of the output voltage of the four-term-

inal network to its input voltage. The dynamic transfer coefficient differs

from the stetic error by the velue of the error, which must be determined.

Let the voltage uy be applied to the input of the four-terminal net-

work at the instant tm0, &nd let 1ts frequency vary during the time 0K t
£ T linesrly from =2 to coz, i.e.,

0(1)'—.l + —lt_.’l'{")\t

is the rate of change of freguency.

The frequency-modulrted voltage et the input of the four-terminal net-

work cen be written as

3)

D R— -
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as' 9 &

! ]
?(t)=\'(..+).t)dt=.,t+‘—é‘-. (4)

(1]

' . in~2 ¢ ‘g 0 equenct che=rarteristic:
ume *h-t *he messured “our-‘¢ minc. ne wark hes frequenc;

S (@) = I;f.f(r)e""dr, 5)

whore °(T) s the resnonse of *he four-ternin~l netcork to = unit rulse
srriied -+ its in-mt.

i b i ihle o oht~in en erpression
Applying the convolutisn treoren, it is nossible to of% p

in- ¢, in the form
car the onteut voli~ze uy of the four-termin-1l network, in

uy= [ D€ 7, (6)

i i b formstion:
Sutstitutine exmression (4) into (%) we obterin ~Tter transfornstio

32

u;=e"’ " (‘f(f) e~'"e *dx “(7)
0

The interrr1 in expression (7) represents the ratio of the output to input

volt=ges in the four-terminal network, i.e., the dynemic transZer functionSy(cwo):

\ As?

E dx. (8)

S, () =g’f(t)e""' e

The mz-mitude A S(c») of the error is defined »s the differencd between the

sta*ic =nd dynemic trensfer coefficients, S(w) and Sykw):

Cjoon
ARCNS
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AS (w)=J (w) —S,(w) =oj°-°f(t) et de —

—?f(t)e"';’dt -J-if(t)e"""(l —e ?
A, S () 4 4, S (=),

Thus, the overall error can be represented in the form of two components:

-

ff(‘!) e""d:-A,S(o),

* £

)

' 9, the error due to the settling-down process occurring when a voltage with

Iy .«

céné‘b:’nt’ frequency « is applied to the input of the four terminal network at

nstant t =0, and a component,

130
[foet=(1—e )demnse), an

- 1

. :?..-e., the error due to the settling-down process due to the frequency.clenging
. tatya rate 2= —23,:-“—"-.
_In accordsnce with the previously-assumed condition, the modulus of either
eryor is: small compared with the maximum modulus of the transfer coefficient

2)S@)] gagt 1

18, 8(8)] & F pee (@,
18,S (@) K Faugre(w).

.

+ Let us consider the I‘irst error A;SG). :This error sppears open

Ay switching at the instant t—O and isa' s’irst not small, but decreases with time

"
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()= acet W1, (15)

[ ]

4 5(e) ve get

PP e
" . (16)

L)

. Since -the modulus of the sum is less than or equal to the sum of the moduli,

‘B [}
18 S@I<Y m a7

Skt
The factors in the form e in expression (17) indicate that the

error 'AtS(w)‘decrenses in time,

Let us turn to consider the second error Als(w). This error is a
'fuﬁderr;ental one, for it is duel to the settling-down process occurring as 2
re;ult of cha,n'gu'.n'g the frequency, and tekes place at any pert of the inst-

mné;:t scale. .
The condition (13) that this error. is small for all values of ¢ can

be setisfied only if the rats, A, of the frequency change is sufficiently

small to h=ve the fdllowing conditlon sctisfied at all v alues of T for
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‘ which the demping function £(7T ) affects the magnitude of the integral:

12 Ih"
|1—e "zl——2— 1. (18)

Inserting (18) into eq. (11) for Al S(cw), we zet

t
L jf(z) e '""dx.  (19)
(U

,dwl?

! e 3y
o501 -1 et
Q

The last integral in (19) differs from eq. (5) for the static transfer
coefficient S(w) by a smell quantity AtS(w). Consequently it is pot;sible to
write, to sn accuracy within second-order small quaentities, a final expression
for the error of the complex transfer coefficient f} ;S(w).

® ]

iA 1S (w)
AS(w)=— —0 (20)

Using expression (20), it is possible to determine the error AXQ (w) in the
modulus of the transfer coefficient, and the error Azq’(w) in its phase.
These errors are interconnected by the following well-known relationship:

ra s 800
S (w) D(w)

+ 8, @ (»). 21

-, It is easy to obtain from (20) and (21) an expression for the relative

error inthe modulus.ef the frequency chsrscteristic of the transfer coefficients

- “', 4,0() A 1 &S (w)
® o) 7 "5 e @)

~

and 'en expressioh for the phese error of the transfer coefficient:

PR ~
< ) dﬁ:“

JUCOPORN
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b9 ()= -Re[ 0] (23)

Using eq. (20), (22), =and (23) it is possible to determine the error in
the comnley treusfer coefficient, due to tée settling down process resulting
from the freruvency chonging et a rate 7., ané also the errors in the modulus
and phrse of *he trrns®er ccefficient of sny passive four-terminal network.

It is elso interestiny to find the shift along the “requency axis,
relrtive to the stetic cherescteristics, oroduced in the dynemic cheracteristics
of the modulus ~nf rhase of the trensfer coefficient,

Usinz the wel -known relstionshrins:

AQ (@) = dm

d® (w) = dw R [ das ()

d(w) S(w) de

A?(C)—Ao-—’—)—‘o Im[—— JS(-)]

S(w) de

end eq, (22) and (23) derived a%ove, it is nossible to obtain the following

lm[—— S (w)

A S(e) de 26

AI.=— 2 1 JS(D)] ( )
[S(.) de

computetion formulas:

npn @, (@ —4,w) = (e)

1  d2§(w)
Re [S (w) det
[ 1 dS (w)

A
A0 = —
2® 2
m S(w) de
with
® P9 (@ — 8,0) =9 (®).
From eq, (26) it is possible to determine the shift of the dynamic charact-

eristic fa () of the moﬁulus of the trensfer coefficient relstive to the statlc

5
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charactpriatic 5 (w)_. and from eq. (27) it is possible to détermine the

{ shif?,of the dynamic cha’ractegistic ¥ (W) of the phase of. the transfer
oefficient relative to the

] L

-atatic characteristic p (w).
. ’~ ]

Article submitted to editor on 10 Janyary 195.
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STUDY OF A SELF-EXCITED CRISTAL OSCILLATOR
EMPLOYING THE SHEMBEL' CIRCUIT

by
s. I, Ysvtyamov, Ye, I, Kamenskiy, V. 4, Yesin

Expressions are obtained for design of self-excited quartz-crystal
oscillators employing the Shembel' circuit, A method is indicated for
engineering design of the self-excited oscillator, using the plecewise-
linear idealization of the tube characteristic, The calculation data
are compared with these obtained experimentally. The phenomenon of

oscillatory hysteresis was observed,
1., INTRODUCTION

One of the variants of a self-excited crystal oscillator employing

the Shembel circuit is shown in Fig, 1.

Figure 1

This circuit consists of two parts == internal and external, The

internal part is a capacitive delta circuit whose elements are the anode

coupling capacitor C}, feedback capacitor Cp, and the quartz crystal,

:
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Resistrnce R, provides a prth for the d-c comnonent of the arid current.

When grid current flows, » cert«~in rutomrtic rins is preduced acro.s R . In

) b
ad ition, autometic hiss is also »reduced rcross rrsistance Rai{hv d-c com-

"onent. of the emissicn cur'ent., The reristence R, is selected such &s not
to exceed the permissible nower dissinrtion in the enode or screen wid when
the oscilleticns ere interrupted.

Tr reduce the load re~ction on the inner n'rt of the circuit, the outer
tenk circuit is tuned to the third or second 'armonic of the place current,

The above circuit is widely used; its psrameters =re usus 1lly chosen
e¥periment~lly, for there sre no simple eguations for their computation.
It is the purpose o“ this article to nrovide tre simplest possible'relation-
ships for comoutins the sta*ionery cheracteristics of the self-excited osc-
117#tor using the Shembel! circuit, end to show the ertent to which these
relationshins t;gree with exmeriment,

2, DERIVATION OF INITIA' E.U/" IONS

To derive the equ-tions that deseribe the beh-vior of ‘he internal prrt

:

of the circuit, let us cersider Fie, 2,

Pue. 2

Shown here is only r~rt of the circuit of fig. 1, with the quartz resonz*or
being replaced by an equivelent eleciric circuit, end with the circuits that

. CoTTy no a-c comnonents omitted., Ceprcitence C3 of .fig. 2 represents the
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‘ total cepacitance, comprising the static caprcitance’of the quertz, the
cpppci’cance of the crystal holder, and the parasitic circuit capecitances
.
between the control and screen grids. Capacitances Cl and C, take into

account the parasitic capacitances of the corresponding parts of the cir-

cuit.’ Resistance R8 wes left in fig.2 to teke into account its shunting

effect on the crystai.

) The circuit of fig. 2 is not suitable for study, since it leads to

i ",sk,“,f;. * pather cumbersome computations., The computations can be considerably
s T . .

- J S

thlified'if the three delta-connected capacitances Cys Cp and C4 are

~.. weplaced by the throe equivalent star-connected capacitances C,, Cg» and
Cq (!‘:lg.B) ‘The follov:lng equations give the reletionships between the

oapaeitances of fig. 2 and those of fig. 3:

ZCC=C,\C,+ C.(’Z, + CoCs.

‘l'he computation equetions can be simplified still further if the
‘ lhunt:lng effect of the self-bias resistor Rg on the self-oscillation fre-
quency is approximated by an apparent increase in the resistance rq produced

. by an additional resistance
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»

2%
1L, &

Pauc. 3

After performing the above trensform~tion, we obtain in {ig. 3 en equiv-
elent circuit wrich will be used to derive the initizl equations,
Operatin~ evverience vith such oscilletors showed thst the following

must be taken into -~ccount in their designt
On one hand, to obtain enough volteze ecross the external circuit it is

desireble th-t the smplitude of the grid voltage U, be greater; on the other

g

hand, to reduce the lord on the crystel, its voltege Uq should be less. It

g2’ where ng is the emplitude of the

screen-3grid voltege rel-tive to the cattrode. It follows therefofe that if

cAn be sssumed roughly that Uqﬁ:ﬁUg + U

the value of Ug is prescribed, it is desireble to have a lower velue of ng.

In addition, a low value of U . is also desirable to evoid large screen-grid

g2
current, i.e., to avoid overvoltrae operatidh of the control grid.

For the rersons stated, the crpacitances C; and G, are chosen such ¢s
to meke Ug considersbly greater thsn ng; then the order of magnitude of the
feedback coefficient k = Ug/Ug2 becomes only a few times greater than unity,
A lrrge velue of k nroduces & peculisarity in the anslysis of this circuit,
If k is.]arge it is possible to ignore the reaction of the screen voltscze on
the emission and, grid currents, but it is importent to take into sccount the

reaction of the control grid current on the internel cirvuit. (By emission

current is meant the sum  the plate and screen-grid currents.)
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. In derivin~ ‘he eaqu- tiens we sh- 11 rssume thrt the self-oscill tion
freqrency @ is neor 'he veson” nt freouency @, of the circuit, consistlnq
ind i This freuency
i snd induect nee 1 ci+, 3}). This frem
o” eroacitances C . Cg nd C, rni in a (~i-.

i : . o SN e 5 of the cryst»l where
o ke ovnpessed in berm oo ibe nturyl Srecuency ng v

. - . \
C ig determin . rom 01, (Y.

og
._o)‘/l-*-—‘—

i codl ¢ of ;ote? is uite sarll
Ip- =u~h ©5 *he ovcivolen' crrecilince % of the cryrt is tu Y

; Yo © e i rim-tes the freguency w)
cammered it G, the Treouenny W, " provim-tes th ] ¥4

.

q
ieti i +h 10l sdaneces

Par the s-ke of n'brevi-tion, we sho1? deno' e the symiolic imned-n

AR Al cwmar af 21a intarnel eTrcult, shaym in i, 3, £s

. 7o ixg Ze=— K L= 1%y

i 3 1~ " - } Baenn
The sel=pg~jil ' tion freqrer ey W 1§ reri ced bere by the resonqnt

in - sm:~h : 3 *he rel-*ive dfscra - ney

Framiener ol thn t'v\‘.' cireuit wo, M Y

Letyeen bhe t oo is omite omeTd

. ‘}

sion for *z‘“" eompley impedonce mescLreaq

. avercd Al Arta=od ciren’

Zo=’;(1 +ia)!‘
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/ .

. and the damping of the circuit

¥

N s (7b)
wLly
We assmﬁé":bhat the Shembel! circuit employs a tetrode and that the
. resultent shielding factor of the ‘t\;O gtids is small., We therefore do not
teke '1ntc'> account the effect of the plate voitage on the emission cur;'ent.
Furthermore, es discussed above,_ it is possible to ignore the effect of the
screen grid voltage on the emission and grid currents. ’i’his means thsat
the harmonies of the emission end 7rid currents depend" only on the amp-
i'i‘bude of grid voltege Ug and on the bias vol‘.tage Eg' Consequently, to des-
cribe the behavior of the internel portion of t};e self-oscillstor, the fol-
iowing ‘l;wo equations are of interest: the first relates the amplitude of

the fundaments]l components of currents Il and Igl with the emplitude of the

[ .
o grid voltege U_, .and the second relates the d-c¢ components of currents Io
L ‘and Igo

circuits sre considerable less than the time constant of the tuned circuit

with the biess voltege Eg' If the time constants of the self-bias

' ‘ with the erystel, it is nossible to sssume that the second equation will be ]
4 id,eﬁtical with the equation for stationary 6pera.ting conditions. This eq-

ua/ticgn will be considered later; for the time being we turn to the first

'

- equ=tion,
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‘ The arrows in Fige 3 show the positive polarities of the currents and
voltages. The equation we are interested in can be derived most simply by
the superposition method. Computing first the ipdividual grid voltages prod=-
uced separa tely by the emission and grid currents, and combining the two, we
obtain: (complex quantities will be denoted from now on with a bar above the

Opm = Bl (1, 21) -2 [+ (1+ Z)L] ®

Rewriting the complex impedances in accordance with (6) and (7), we

t

transform this equation as follows:

(1 +1a) 7, =R [1l (l+1a)""‘ [1, ( )/,.]} (9)

R Fa%c (10)

T

The results of a full study of the stationary states possible for this
self-excited oscillator and of their stability are given in the appendix. We
shall restrict ourselves here merely to a consideration of the approximate
solution for the stationary state; this solution is adequate in most cases
for the‘design of the self-excited oscillator.

Experience shows that for values encountered in practice, the ratio
;L/R is much lesa thgn unitye In this case the resultant de-tuning is a
small quantity of the seme order of magnitude as xi/R. It is therefore per-
missible to ﬁeglect in the right half of eqe (9) the terms containing products
of the quantities OC and XL/R as being higher-order quantities.

We then obtain instead of (9) the following approximate equatione

a +-i¢).17,='R{ l,,+ [T +(l+ ) n
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. Thus, comparing real and imaginary parts, replacing the capacitances ca.

08’ and cq with expressions (1), and carrying out simple transformations, we

obtain an equation ’for the amplitude:

Gy U 1
. ll C, cl R ( )

and an expression for the frequency correction

TR T/ W— (12)
R R 1,

—_c:, lﬂ

Eqe (12) shows that changing the current ratio I 81/1 causes a change in
the frequency. The problem of the dependence of the frequency on the operating
condition will not be considered further.

Eqe (11) permits determining only the amplitude of the grid voltage; it
must be supplemented by equations for the amplitudes of the voltages on the
other parts of the internal circuite. This is done most simply by using the
value of the feedback coefficient k = 58/582. Omitting the computation, we

cite expressions for the modulus and phase of the feedback coefficients

x=§-’-cos?.. - (13)

(14

The amplitudes of the voltages U8 and U82 are thus related by the

expression

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0

U,=U, .g_ CoS 7, (15)

Computetions show thet the nhase of the féedback coefficient is on the
order of 30-AO°, corres~ondi’ g to cos(pk = 0,8. Consequently, the feedback
coef~icient difrers (by aprrovimetely 20%) from the cepacitance retio, This
is crused by the frct that the branches of the tenk circuit in fig., 2 hrve
different imnedrnces becruse nf the active resistance of the qurrtz crystel,
an? therefore different currents flow throurh the branches of the circuit, ~nd
the rrtio of the vol*»res pcross c-vac’tances 02 and Cl differs from the ratio
of these croreitiances,

To commute the anplitude of the voltr e rcross the crystal, it is nec-

es-~r to determine the modulus or tre eynress on.

— — 1
7,,=0.(11+ ——:—)

After trens®or—-tion, we rbta’n from this evpression:

« U (16)

3

(+5

V= (1 2) )/ 1+

Trking in*o nccount the fact tret the caneciteonce ratio Cl/CZ is usuelly
on the drder of R=7, ond thrt tpn%}( < 1, then, if en insi-nificent error
is <17oved, it is rossible to renlrce (16) with » simpler exrre sion:,

U, = ('1 + f%) U, (16"
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Expressions (15) and (16) are useful in experimental study of the os-
cillator. Voltages Uq and ng are measured, voltage Ug is_computed from (16')

and (“Oq is determined frem (15).

3, COMPUTATION OF OPERATING CONDITIONS OF SELF-EXCITED OSCILLATOR AND
FYPERIMENTAL VERIFICATION

To compute the stationary state we replace the static cheracteristics
of the emission and grid currents with segments of straight lines, es shown
in fig. 4. The seme figure shows the plot of the slternating grid voltage
end shows the cutoff ansles, ss determined from the fol®owing equations:

E,—E,
Ue

-

(3

Here Eg is the bies, end the significence of Ep is clear from fig. 4.

The,ﬁarmonics of the currents sre determined in the following manner:

1,=8U_.1,(8), (19)
I 7 B Sc Ur Ta (Gc)° (20)

-~

wt

(1)

Tables for the functions '}'n(®) are found in reference‘™{ Puc. 4

RS *:\;".L?;:"fy"“"("' e e ~
- 1 P
v

g.Th,e computation of the stationary state reduces to the following:

- .\Elijr';inating Eg from eq. (17) and (18) we obtain:
) £ .
- @n

cos®, —cos ®
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. To determine the cut-off angles & and 68 it is necessary to make use of
the equations that relate the currents and the voltages in the stationary
state, For the fundamental frequencies this relationship is given by eq. (11') ‘

obtained above, e_‘

The relationship for the d-c components is obtained by returning to the
circuit of fig. 1, which shows that the bias voltage is producedby the voltage .

drop across Rg due to the d-c component of the grid current and by the voltag’. ..

drop across R, due to the d-c component of,: the emission current
. —E‘-lch'*' I.R..

Substituting now (18), (19), and (20) into (11) end (12), and making g

. certain reaﬁsngements ; we obtain equations for computing the cutoff angle;: S

(Q-) ’ = —‘— + C' S, —— T (ec) (23) .

R.S 7(9). (04)
Puc. 5 ' . - -

Inasmuch as the second term of the right half of (23) is small, it‘'is

possible to employ the method of successive approximations. The first step i

in the solution is to ignors this term, and write (23) in the following form:'  STAT

.

i e B T S

1(8)=

ns ‘ (242;), ’

\

Next, using the approximate value ofe, the value of 6 ‘is detominod

by graphically solving (24). This method of aolution 1s explained 1n Fig. 5.; 7‘,‘

y e e
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\' Using the value of @ e thus obtained. it is necessary to find another, more

accurate value of § using eq,uation (23), but without omitting the second

Lo Napawemos: cTows | Uy

,‘g(m a’ L—' q mw f-55l¢2ﬂ 6
. 2‘” -55&“

CJ 45mp R 8000w |

— Pacwem

== Onem

-

Te

L/J

e ]

% T om

Figure 6 - Circuit Farameters; C, = 190 picofarad £ = 5.5 ms;
C, = 2 picofarad Ft8 = 56000 ohm; 03 = 45 picofarad

= 1800 olm; ________ computed; __ __ __ experimental
| ‘ term of the right half. Next, if necessary, it is possible to repeat the
graphic solution of ege (24) to £ind a more accurate value of (¥ g
It RS o (@) '7 1, the graphic solution of eq. (24) can be omitted.
In this. case 5 (@8) = 0 and cos ®8 = RaS 50 (@ )> le This means
t _E ) Ugs 1ces, the circuit operates without grid current. The resultant
‘value cos © g 71 must be used in equation (21), which in this case remains valid.
In conclusion, let us see what extent the above computations are corro-
borated experimentallye.
‘The curves of Fige. 6 show the dependence of the operatian of the self-
excited oscillator on the active resistance of the quartz crystale Shown
here are the d-c components of the anode and grid currents Iao and I &0’ the
amplitude of the crystal voltage Uq. the current in the crystal I ® and the

. amplitude of the voltage in the external circuit U oxt’ tuned to the second

harmonic of tho anode current. As can be seen, all computed curves agree
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DL

NAND W N W R

Figure 7 - O = 190 picofarad; C, = 24 Bfes C =45 pfes
R, = 1800 kilohm; 7. = 8 kilohm; ___somputed}
__ oxperimen 1.
The curves were plotted ss follows: A resistor

with the experimentsl ones.

wrs connected in perellel with the crystal, and the shunting action of the

-

resistor wes trken to be an equivéiént change in the activity resistence of

the crystal. To prevent the biss resistance from changing, & blocking cap-

ecitence was connected in series with the shunting resistor.
Fig, shows & series of computed and experimental curves, showing the

dependence of the operating state of the self-excited oscillation on the change

in the self-biss resistance Rg.‘ For a certain value of Rg’ the amplitude of the

voltege in the externel circuit will heve a maximum. This is caused by the fact

that, es Rg increeses, two phenomena take place: on one hand, there is a decrease

in the angﬂfa@?, end on the other, there is a decrease in ang1e€§ because of the

reduced shunting effect produced et the shunt by Rg. The curves of fig. 7 show

that the computations egree satisfactorily with the experimehts.
. . . . APPENDIX
(Beginning of finer print in original-Ed.)

The sppendix gives the result of & fuller study of the phencamens in the

self-excited oscillator, snd devotes some attention to the phenamenon of

oscillatory hysteresis.
The stationery-state equetion obtained from the complete equation (9)

cen be written, after e few transformations, in the following forms
STAT

For the smplitude of the self-excited oscillstions:

-

I
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c.
'l|———'— Iy =

Cs

where the control resistrnce is

for the fregnency correstion:

14 a T

Equrtion (13) remeins valid for the modulus of the fredback coefficient,

while its vphese is determined from the exnression:

(v}

Comparison of these eruaticns with (11), (12), and (14) obteined eatove
shows thet their sirplificrtion is equivalent to e¢liminating from tle ercct
eyuat.ions the term (1 +c12). Tis res:lts not merely in e -u=ntitetive
error, but rlso in a qualitstive one, The apnrorimote solution to the freq-
uency equ-tion btecones sinzle-velned instead of double-velued; ond the os-
cilletorv-hvsteresis phenomenon fgilost from t'e result,

Ict us study the equations obtained.' hecording to ed. (1), emplitude
ol the »rid vnltﬁvo'Ug devends on the value of the czntrol resictence Rc
and is provortionel to it under certsin con-'ilions. Consider the exnression
for R,; ot the sare time ve shall ne21¢¥t t?e -rid current in the frecuency

[ )
equrtion, e thren obtein tre followinz set cf equations:’

. R
Ry = , (i

14 a3
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(1I11)

The curves for the demendence of the Trequency correction and of the

- .
g

' 4 . . N
control resistence on the revctnncg of the cethocfe circuit, plotted from

- / . . . . .
, *  above equrtions, ere gziven in fip, &,
\

1

A2 s,z & K e om
FFEE ey Are ey Z
. .

If xp & 0.5R and xy, is prescribed, we obtrin two vzlues of frequency,

two’ values of control resistance, and hence two stetionary states. Fig, 8

o PR Ml

LAY

A

shows two brenches of the curves —=- solid and dotted. The frequency corres-

R T
B

ponding to low values of o will be called the lower freguency and denoted

e 4 The frequency corresponding to the higher velues of « we shall

L.
call the unper frequency and dencte C(U. It is evident from fig. 8 that

if the rerctance Xy is so high thst X, . 0.5R, no self excitntion is

N

possible.

Thus, we obtein here the same phenomenon with double-veluedness of the

(2,3)

frequency and control resistance that was described-.earlier in conn-

ection with other self-excited crystesl-oscillstor circuits., The further

discussion will therefore be brief,
The investigation performed (which will not be renbrteﬁ here) showed

that under certain nssumptions, the stability conditions of the stetionery

3

gstates assume the form

- Roul: < 1, i
T (IIIa)

".,; > l-

Here the prime denotes the derivative of the current Il with respect to

: thg ampiitude of Ug at-thg}stntionary—state point., TFor the lover frequencys
STAT

the stebility condition coincides with 4he Well-known condition for the
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conventional self-excited oscillstor. For the upper frequency, the stable
strtes rre those ungtable at the lower frequency, and vice versa, If a

"soft" state is considered, i.e., one in which the avera:ze slope Il/Ug

drops monotonically as Ug increases, the lower frequency is alweys stable,

and the uvper one is unstable.

It is possible to obt=zin from the’stability conditions the condi“irns
under which the oscillrtor becomes self-ex~ited; this condition reduces to

5 tisfyins the following two inequalities:

Ryl S. > '. R’. S. < l'

where So is the slone 0° the emissicn current at the euilitrium point.

The resnlts obtrined allow us to deduce that under certein conditions
it is nessitle to otserve in the abtove self-evcited-oscill tor svs-em the
rhenomenen of oscil™~’»ry hysteresis, consis*tin: of the followinz,

Let *he slore ~t the covniliblrium roint e such that the inequality
SOR. :? 2 is setisfied, Then the line corresrondin~ to So will occupy
on the 1o of \c(*l) the »ositi~n shewn in fi-, &,

Iet us see how Lhe amr?’ *ude of the self-e cited oscillation will
very :ith X It is evifent th-t yherever the SO line is above th. dnotte:
nor o the T RC(XL?line, the conditi~n for e excitatior is sztisfied,
and where the iy 'ine cces “elov both Hc(xl) lines (solid »nc dotted),
the crn?*'ion “or sel”=eci‘ed oscill<*ion is not satis’ied. Under "sort"
onerrtinz conliticrs *he ctetian-ry gto*e "o the lower “reguency is str™e,
"ni? o5 x N RS Ug wé]] verys soeprorimete’y -roro ‘ion-"ly ‘o ch'

pridont that ~35 ¥, incrergse. engv ch te ecuds” “.“m)thn se’i oscili~'ions wil:

ston -t “ind ttut ; 18 vow reineed, the oscillr*ions will
: STAT

A=

resune Ly AT s ysTue 4 oyrich the o’ f-ecl a’lon conditi
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I R T ey wﬂ\ -“—w’ ""d-“?'@ﬁ - ,«nv;‘h_y,‘, A AN
Y]
i

is again aaﬁisfied. The points where the oscillations stop and are resumed

are indiceted with arrows on fig. 8,

The above phenomena can be obtained by introducing a &éripble capé~
citance into the cathode circuit of the circuvit of fig. 2, forming there-
by a circuit similer to the equivalent circuit of fig. 3. However, the
same phenomena will occur alsp in the circuit of fig., 2, if any one of the
crpecitances Cl’ 02, or 03 is varied. As an example, consider the varistion
3) According to (1), whenever 03 is varied, C, veries in almost

in&erse proportion, and Ca end Cg also vary. The proper computations yiclded

of R (c

-

the curves shown in fig. 9, in whrich the following symtols are introduced:

TN QLR R g o o

5o
A

.

“hn

R

e

\

The perameter of the family of curves of fig. 9 is the quantity xlz/rk

When xlz/fg'is infinite, we obtein the same expressions as result from the

R
7!

o

e

approximation R,=R. Comparison of the curve for infini%e xlz/fk with the

remaining‘curves shows the extent of error due to the approximrte equation.
The éprves of Fig. 9 show that varying capacitance C3 may result in the

phenopenon of oscillatory hysteresis, as dercribed with the aid of fig. 8.

The equations obtsined indicate at which values of the parameters it is

l550331ble to disregard the double-valuedness of the frequency an: use the
apprbximpte equations, Inasmuch ~s the latter are obtzined by assuminz 2
to be geolicible as compered with unlty, it is possible to assume that the

"ennroximate equ'tlons sre velid if Cb = 0.1. The same figure contains a STAT

curve that corresponds to the values of the canscitance, et whlcF the

\Fﬂ
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e:lther with. “stiff" operating conditiona, \or else with coupw

""o.—

erfects in systems havlnu two degreea of freedom. I‘b nuat be notedxthat
4

although references (Z’B)contained an analysia ef tuned circui‘t;s, the

problem there was simplified and reduced to that for a system with one

. degree of freedom, This simplification was caused by the great difference *

.in damping between the quertz and the tuned circuit, so that the latter ‘
could be considered as a complex impedance. As far as the circuit dis-
cussed here is concerned, the theory developed above chax‘i‘gesﬂ little if
the crystal is repleced by a simple tu‘lned circuit. .

In recent years the p enomenon of oscillatory hysteresis has been
applied to measurements of the ohmic resistance of quartz crystals (4).
The principle of the measureélent‘ﬁ'educes to the determination of the
parameters of the circuit corresponding to the point at which oscill-
stions stop becsuse of the hysteresis; the resistance can then be STAT

détermined, for example, using the grapl"x of fig. 10, or computed from
the corresvonding equation. The resu];t, of the measurement is indepen-
‘ dent of the tube characteristics. )
Article received by editor 6 December 1952.

1. S. I. Yevtyenov, Redioperedavayushthiye ustroystvafRadio

Transmitting Devic%s . Svyaz'izdat, 1950.

T8t
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Ne Rockstuhl. r. Ge R. : A Method. ot Annlylia of l'u:d-ontnl nnd
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. STABILITY OF JUASI-HARMONIC VACUUM=~TUBE OSCILLATORS WITH THERH{ISTORS

I, I, Kaptsov.

The article contains an experimonta[lly-verified theoretical analysis

of the frequency and amplitude stability of two ,,types of quasi-harmonic
vacuum~tube oscillators employing non-linear :l.nertia-type amplitude re

wlators in the form of thermistors, or heet-gensitive resistors.

1, INTRODUCTION ‘| '

> °  The thermistor is used most frequen‘bly in quasi-harmonic vacuum-tube
os‘cillators as a non-linear inertia. type regulator for the amplitude of
the self-excited oscillations, The thermistor can also act here as a non—
g : 1inear amp]itude limiter, thereby pomitting the use of only the nea.rly
. linea.r port:!.on of the cha.racteristic of the osci]lator tube, The latter
insures a low" harmonic content in “the generatedcsu]le:hiona (1 to 4). Ame
" plitude stabﬂization with a thezcniﬂtor insures “the minimum change of the
; oscllla.tion wavefor'm with’ time, 1 e., a.‘ reduction in the change of the han-
monic conten‘b of the osc:lllations with tine.‘ A11 this ie well kmown to .- .
increase the frequency s‘ba’bility of 'bhe gene}'eted osc:lllations. ) A ) R
On the .other hand, the resistance of the thermistor affecte the frequency . |

e R
S .

g - of the genera.ted oscilla'bions to a*cer‘be.:!n exten'b. Consequently the change .
g the thcrmietor resistance, which elwaye takes place. when the themistor ‘

regulatos the amplitude, cauees a chenge 1n the. i‘requency of the ‘generated 3 o

osci]lations and lower" ‘bhe frequency stebﬂity of the oscilla.tor.

u

Thue tho possibili‘hy of ingreee.'mg the_frequency ata.bi].ity of “the ‘.:

-oscillater zw:l:hh the aid of

thermiator fo:éé ;mtude stabilizat:!.on
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kL

The #reat varicty of oscillator circuite and of rethods of connecting
%he thermistors rakes it difficult to establish reneral rulec for conmputing
the rtnbility of thesc escillators, liovever, it is possible theor etically
to determine incivicually, for cach type of orcillrtor, “he rost suitable
conitionr Cor conncctine the therri. tors, ~hat there is o nractical necd
for such n theory rors rrithout suyi
iiven below is on crmerirmentally: _verilicd theoretical :nolyric of the
tability of tuo typec of auar ri~hermonic vocmu=tuhe ornillotors cnployin
TN QT OVIT 0 oA ENTING et o T PIRG3ASH CLCTLLATCIS

The principal ciwrar of the Inverti nted orcillator is -iven 1n

. LI . et a7 < . = Fax)
mhe oseillator containg a bric e eirevit “or arplitvie rtabilization,

)

| Cetd irta e ¢ o tues ic cced vith a
_."_:‘tln" of “our reciricncer, on¢ onc oX THESCy Ioy AL replac it
. nepative terpera’inre-recictonee cocllicient, “he Treavency
o] ] o e el
and smnlituce ctehilities crere reonurec € OTT mntally 1ith tle orcillator

a

oraratin~ with and srithout the therristor,

- . ot 3o S
“he orcilloior cosvation, written -n o “unction of the current in 1ts

tuned cirevit, “ns the forr:

oy (MM )i ¥er=0,
)-."‘2‘( 8R,C,L, ) T ’

iere @, roeon nt Tre -t oney ol

~
..

Ty ~nd };‘l
e rutund con’ctonece of

‘3—— attenvrtior, cocfTici-nt of
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0f the volt ¢ at *“e inmt  din onnl zb of the " rid -¢ to the

volis ~ -t ii-~ outyul 7 -on 2 gd. A1l othrr oimbolr -re ~lear

fror i, L.

wppin - e ~ettlin=dom tire of the stesdv-state crplitule of the

enllec e ite? orecillations of a ther irtor-ciuipped oseillator, the cocffi-

cont of tre Aissipation term of eq. 1, vhich will bde denoted from nov on

as (I, varier bec use the attennation coefficient of the bridze depends
on the x-nlitnde T of the orcillations. At the same time, the mutual con-
o

apet-mee of the tubt characterictic remuine alnost constant for small amplitudes,

The stationary amplitude Istsatisfics the following equation:
o .

A’|M,S (2)

]/m =2" —1 )—_:0-
¢ (™) °(—‘_—~au;~)x.c.u ;

conrenuently

|
aem _ g (g = MMS (g |
¥ p(o) R, Ci Ly () ] i

Ctationary self-excited oscillations that are stable in amplitude take
place when the derivative -%}o is nerative at the point ISV, and this is the
reason for choosin~ a negative temperaturc-resistance coefficicnt for the
thernistor.

"'e restrict ourselves t.o only short-time changes in the operating con-
ditions of the system in the vicinity of the mean stationary si;.a“be, and dis-

rerard any monotonic changes of this state (such restriction is in full agree-

ment with conditions prevailing if the equipment is already warmed-up, is fed

from a stabilized supply, and is not subject to large temperature changes) )
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then the ampli‘u.c stability of the oscillations depends on the absolute
v 2o ¢ ihe aerivative d¢ I st.
dI lIy = I °
Computation yiuvlus

2| - MM 0 1 (4)
dlo Io= 1" RCL, 0lo Blo lo=1g" °

wetermining (Io) from the bridge parameters under the assumption
that the resistances loading the bridge diagonal are large compared with

the input and output resistances of the bridge, we get:

a (,0) — _lic + Pa (1o)]-(ry +13) . (5)

ra(lo)-ry—ryory
" Taking eq. (3) into account, we finally get

"_’\’ —8(]C™). P . _(_92
di,{le= LT BT (re +r)* ol lo=1"™ . (6)

I+ follows from (6) that for the stationary oscillations to be stable,

a1
o

dr
. P (IoSt’) and the derivative 2|1, =1 OSt should be of opposite signs.

It follows also from eq, (4) and (6) that the amplitude stability of
the oscillations increases with the coupling between the bridge and the
oscillator, with the mutual conductance of the tube characteristic, with

the slope of the thermistor at the operating point (with the partial deriva-
¥r, |
\,‘a Io 1 o~ I '5 t

the tuned oscillator circuit,

tive and decreases with the resistance, of

The bridge resistance r od along the diagonal ¢d (Fig, 1) loads the
tuned circuit of the oscillator directly through coupling coil L 40
Neglecting the parasitic parameters of the circuit and the plate reaction

of the tube, the oscillating frequency cen be assumed to equal the
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1 R, =27
)

3 %rL
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:Nomt) W{(fé of t.humtu shown in Hé. 2, This frequency can

be determined from the equation:.

- -l

e e e o

. Ly —edf— ™

Jo=%% C, (Ly Ly=M}) (Ly Ly — M)

or by using eq. (3)

1 L, Fed My My S 8
f0= 2‘ C, (LlL.—u'f’ +p‘” C} L‘(Ll L‘_‘¥) ) ( )

To compute frim eqs. (7) and (8) the change in oscillation frequency
‘due to a change in the resistancg ‘of the thermistor as the latter regulates
the amplitude, we shall use experimental data on the measurement of the

- amplitude stability of the oscillator when the latter operates with and
without the thermistor,

The relative instability s, of the oscillation amplitude is defined
as the ratio —As%‘- , where AI o 1s the absolute value of the
amplitude deviatio;{. from its s.tationary value I OSt, averaged over a time
interval of sufficient practical size; this instability turned out to

1

s = 1,67 x 10~ for an oscillator operating without a

a1
thermistor,

(2) s = 3.76 x10”
2,

3 for an oscillator operating with a

thermistor,
Thus the use of the thermistor lowers the relative amplitude insta-
a-~- sa; ay,

bility of the oscillator by an amount As - -8 =1,63x 10-1.

It is easy to show that the accompanying change Aﬁ in the bridge

) ' attentuation coefficient is related to ' A Se by the equation:
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AP mmfemAs,, (9)

Usinz tiis cgeation and expression (5), we find:

A’.(_’o+")’_ . (10)

A't = &rn,‘

Knowing the value of Arz, it is easy to compute the corresponding
value of the change A T in the bridge resistance along the diagonal cd,
and the resultant oscillation-frequency deviation A f produced in the
stationary frequency fSt, as follows from equation (7),

‘ Computations show that in the case of the oscillator investigated, Ar
equals 62 cycles when A 8y, = 1.63 x 10'1 and the oscillation frequency
is st 2 1,2 x lO5 cycles, Thus the computed value of the lower threashold
of the relative oscillation-frequency instability, sy min (determined in the

‘ same manner as the relative instability of the oscillation arplitude), in
the case of the thermistor-equipped oscillator, will equal:

I
. 81 _5a.10%. | (10a)
|

8/“"‘ = -—/-‘-u'—— = Jye

The resultant experimental values of the relative frequency instability \

of the inves‘gigated oscillator are:

C s
i fl

These data are in close cnough agreement with the results of the

! - _r
=2,0x10 5; Sp = L4o0 w1077, (Uury  oscillat r oeraiion wite-
2 oat Wity themm.astor, res.cetivel, ).
computations, and this permits drawing the following conclusionss
1, If the circult parameters are properly chosen, the absolute

_ value of the increase in the frequency stability of the oscillation, due

R T

to the oscillation-waveform stabilization produced by the thermistor, is

"y e ?;?(!’

A AT e
K .

P
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less than the reduction in the frequency stability due to the change in the
thermistor resistance during the arplitude-regulation process,

2, It follows from equation (10) that increasing @ st and keeping
the coupling between the bridge and the amplifier constant increascs the
frequency stability of the oscillator by reducing A r.qe In addition,
it follows from equation (6) that increasing PSt perm:;‘;s the use of a
less sensitive thermistor for = prescribed value of amplitude stabilization,
and this reduces A T still further,

An increase in P st s equivalent to a decrease in the feedback
coeffici~nt and calls for an increasc in the emplification factor of the
amplifying portion of the circuit if oscillation is to be maintained,

3. According to cquation ( 8), the frequency stability of the
oscillator can be increased by reducing the coupling between the bridge
and the a-plifying portion of the system, maintaining P st and conse=-
quently ali~o *he anplitude stability of the oscillations constant, as
follows from ey:ation (4), In accordance with equation (3), the condition
that F st be maintaincd corstart necassitates the fulfillment of at least
one of the Tollovin. zonlitions:

(a)  increase the mutual-conductance of the oscillatine~tube,
(r) decrewse e w*ive resistance of *he ozciliator tuned
circuit,

Thu=, accoriin- to pararraphs 2 and 3, fer a rreseribed valu- of the
armlit e stability of ihe oscillations the frequoency stability of an

oceillator uring a bridee~type feedback circuit with a thermistor is
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directly proportisnalto the mutual conductance of the oscillating tube and

to the Q of its tank circuit,’

4., The use of a low-sensitivity thermistor and a high-Q)quartz

(4
" erystal in an analogous type oscillator constructed by Meacham insured

high frequency stability in this oscillator,
3, TUSE OF THERMISTOR IN AN OSCILLATOR CONTAINING A CATHODE-COUPIED

AMPLIFIER
The problem of introducing an inertia-type non-linear amplitude

regulator of the thermistor type into an oscillator containing a cathode-

coupled amplifier was inve
he merely computed the amplitude stability of the oscillator.

- 5
stigated theoretically by G. A, Khavkin( ).

AP Ry S N U RN T o - e
ey b

Ly Rl
KFal

IR

S E

However,

Given below is a computation of the frequency stability, corroborated by

- experimental measurements of the frequency and amplitude stability of this

type of oscillator employing a thermistor.
The circuit of the jinvestigated oscillator is given in Fig. 3.

S e e i

To evaluate the effect of changes in thermistor resistance Tp on

the oscillation frequency, it is necessary to derive an equation for the

. b,
oscillator in which the anode reaction of tube V:L is 'ba.kep into accoun

"This equation, written in terms of the current I in the capacitor branch of

the tank circuit, has the following form:
ja (B4 L - (1 -AR)I=0, (1)
I_r(_i._}-—(}-A )1 b= (1+AR)

TN ST S IR S TN LT ),
¢ B PR fov b X

where

ERBTRA SR 2T

A= 277 (12)

‘ ‘ R - Rn+"r(1+l‘|)

£

Iy
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i, are *ne internal res’stances

7 = apdification factor of ~wle YV, ;

'L* 3

92 - mutucl conductance of tube Vo j;

the remaining symbols are clear from Fir, 3,

Accordin~ to equation (11) the oscillation frejvency is deterrined

from the following ecuation:

Fin  Rn+rr(+m) (13)

- eV e

The range of variation LBrT of the thernistor resistance as the
thermistor performs the amplitude stabilization is found by measuring
experimentally the dependence of the oscillation amplitude on the cathode-
coupling resistance and by knowing experimentael data on the change in the
relative amplitude instability of the oscillator as the thermistor is
switched in, For the oscillator under investigation, the following results
were obtained:

Oscillator opereting without thermistor - Sg1 = bel X 10-3;

Oscillator operating with thermistor - Sgq. = 1,0 x 10-4,

Using thes~ data for the investigated nscillator operatine at an

. -6
oscillation frequency ef #00 ke,, the resultant value of sp . was 6.25 x 10 ,

Experimental determination of th~ relative frequency instabilitv of

the orecillator under investigation showed it to be:

(1) oscillator operating without thermistor - Spy = Leb X 10-5;
(2) oscillator operating with thermistor - Spy = 1.9 x 10—5.
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Lo
L
,

sy con‘bradict the computed value of B min and
| g‘giﬁﬁ‘r that under the’ given operating couiitions ‘of the oscillator, the
b uBé of the thermistor increases both the amplitude and frequency ' stability.
According to equntion (13) it is poss:.ble in oscillators of the type

'anestigated to reduch ‘the value of sp pin) for a prescribed value of

s,

ampl:.tude stability, by decreasing the resm‘bance of’the tank circuit,

I‘t is useless to decrease the mutual transconductance 82 of the second
S &

Itube of the amplifier, for in accordance with r‘eference(5 ) the amplitude

¢ ‘ s"_"bability-of the oscillations is directly proportional to 82

‘I

'In conclus:.on, the author expre.:ses his deep gratitude to Professor
K, F Teodorchik for sucgestlng the topic ‘and for constant attention to

th:.s work,

Article received by editor 8 January 1954,
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ANALYSIS AND COMPUTATION OF WIDE-BAND PHASE-SHIFTING CIRCUIT
B, B, Shteyn
The article contains an analysis and computing procedure for an R-C
wide-band phase-shifting circuit(z). The dependence of the constancy of
the phase shift between the output voltages on the shift angle and on the
prescribed frequency band is shown, The computation method developed here
permits determining in advance the degree of constancy of the phase shift
when the shift angle and the frequency range are prescribed, or else solving
the inverse problem, [quations are given with vhich to determine the basic
circuit data.
1, INTRODUCTIOHN

In recent years it has become possible to use two—phase(l’ 2) or

three-phase(B) modulation systems, in addition to the widely Jmown balanced

system, to produce single-band telephony, The two- and three-phase systens
reguire that the phases of high- and low-frequency voltages be shifted by
definite angles., The low~freauency ph'se shift should be accomplishable
over a vide frequency band, and this leads to considerable difficulties,
The accvracy of the phase shift must be very high, since on it depcnds the
effectiveness of suppression of the unnecessary sideband,

inother requirerent on a wide-band phase-shift circuit is that the
output voltage ust be frequency independent, Analysis shows that in a
trree-phase mo’ulation syctem it is posrible to insure suppression of the
secon? sideband by A0 db with a phase deviation of the low-frequency voltage

420 .
riot more than 11" over a wide range,
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f

The é‘ignificance of %15 22,' and Z2_ is clear from Fig, 2,

) R2 end P.l,

'.-mér;"ﬁhe relationships, given below, between 02. and Ql
ete, are satisfied, equation (1) can be'rev;ritten as
) (r’ r) + 15078,

€= —c¢e(l —4a
0 ( )-(r—ro;_.sno

&

| §

Bg: _ ., | —4a 4
am=Zhi Ry="11 Ri="TYRy; =1

,
1—4a

s - | —2a H Fo —_ 1 1 — 1 .
a 2" RC;, 2= RyC, 2eRC, '

1
i

‘and F is the parametric frequency of the four-terminal network., (Equations

(1) ‘and (1) were derived by G, G, Varganov and used by hin for the analysis

I )
of a similar four-terminal network,)

It follows from (1') that the voltage~transformation coefficient of the

- ' . Y ! - .
given four-terminal network equals l-4a, is constant, and is independent

of the frequency,

The pbase of' the output voltage can be determined from (1'):

tg ..?- =z sF,o - ) _
s Fy—F} rF F,

—— ——

&g F

(2a)

et

‘Equation '(2) shows that as x approaches zero, i, e.,, I approaches zero,
f \ tan itends toward ZCTo and remains negative, It can be shown that at the

same time cos q? remains p031t1ve. Consequently, as F varies fronm zero to any

po'sitlve value, lf will acquire negative values, This fact, and also the

,fact 'b“zat ,tan ?/? accordlng to equatlon (2), is positive for anzles betucen
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form: * .
o = —e(1—4a)e™'* p— (3)

L4

The “requency dependence of the phase, feterrined by ecvation (2),

Aoes really upproach logarithmic behavior (:ithin cert-ir 1lirits), To

2 et -y ~e
prove this, we introuce the ealctifemlonc:

woetion (2) e *ren he revriticn os:

i S
'8 2  2sh(inx)’

v _ _S
o Tare '€ 3 (la %)
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)’.)-f_%—

V-:j-:-& 1

_x_+23h(lnx) __]

L: —_— s F— .
3 = Arete g (In x) [2 s

Mirthernore, using the s ries

sh (lnx):]nx.}.(_".‘a‘{)_a. +-.

and restricting mrselves to the first term, w gels

Jnen x = %, (/2 = /2. This also foJLlows from eq. (2) and (4).
)

»
L}

» 1 is satisfied, reaning that

X
is satisfied, exprescion (2") can be expanded into

(e 1y :
For x % 1,r&6ndition x - L

CalO |

+ |/ ——
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However, ~neider’r -~ that Jhen x 7 l) (p,’i' becnwos v »atie in “he

“r" t~ .

—— .
cyarth cuadrant , L.e,, betugeon — - i’ -/ we sh~:]+ rewrite trc lact ceries

e

2 2 S

® _Bhdnx) +...=_[_’§_+1’=_MF1 _]

Crnsecuently, for values of x within the arowe -menti ~ned limitis, i, e,,

S 51 Sy s
—S 4V S hrcact LAY THL

the actu~l exnansion in series is in the form:

?—t—(t+—;-lnx). )

Thus, the dependence of the phase angle, as <iven by eq. (2), does not
have a strictlv lorarithmic variation. It is necessary to estahlish the limits

‘ within vhich this dependence is in close agreement with the logarithmic me.
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.r‘»,{'

If the phase angle is computed friam €. (3), ‘the érror as compared with-
‘the results obtained from the exact equa’cions (2') is -5% and -3,, for x = 0;3
and x = 8 respéctively,‘when S = 4. (The choice of the value of S:will be
considered below). Consequently, the phase of the four-terminal network under
consideration, as determined from eq.. (2')) has a nearly logarithmic variation.

Nevertheless, the above deviation from logarithmic behavior is propf of the

applicahility of the phase-shift network of fig. 1 within a limited frequency

band. . .,

-

As has already been shown, the required constant phase shift in the

>

frequency range can be obtained by means of the twe faur-terminal networks of
fig. 1. Let us denote the phase difference of the two four-terminal networks

by © =q71- ?2. Assume that to some average frequency F.= F there corresponds:

;,--(z—;).?,=-(«+%):and b, (a)

.

-
.

It follows from the logarithmic frequency.gependence that the following
condition must be satisfied:

In F: = ——(ll‘l Fopnt+InF waxe)s l (4')

Fep=V Fasre Fana: (4'¢)

where Fp; . and Fmax are the minimum and maximum frequencies, respectively, of

the prescribed band.
Turning now to determination of the basic pgrameters of the phase-shift

gl

four-terminal netwerks, it is necessary to use the actual equations, i.e.,

equations (2) and (2%),
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P a0 uafeApes >
Y -

Let us denote the phases of the first and seconrd four-terminal network,

respecti vely, by:

]

N @, = 2arc 1g S

X3

A

F . and F° are the corresponding varametric frequencies.

ol
o

2

2

5%
gy,
i
*
%

oy

For F = Fav we

N

Solving these equations for Fo and F,, we get

1

F.=nr 2 s __ + /_I__—S:é—- +1
“ T\ 2 clg—“— 4 cg? -
. 4

\ L. S L LS |
["2=F"’(—7 s ‘[ 4 ctga_t_’_ + )
‘ ctg -, n

\;)ﬂ
[ONCL
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3 2 . . > ta s it
It is easy to virify that ¥, 7 Foy e T, £ t,,. In addition,

follows frem en, (5) that

Fo-Foa=F,. (6)

o 2 N . 3 o N K3 1 .
The cuantitative determination of the frenuencies Fol arne F°2 involves

the parameter 3. The value of the latter must be ~hosen such that the

iati i 0 ithin the
deviation of the phase differenceq, - (}? from@ be a minimum wi

frequency band,

To determine the maximum phase deviation, it is necess ry fir~t of all to

determine the fremuencies F] and F?, corresnonding to the raximum deviation of

i - j ' . i an he
the vhase difference from the rescribed value of @. These freruencies can

obtained from the condition:

2 [2are ty — . oarc tg;— =0.
dF 1 !
Xy —— Xy — —
x‘ .

t

After' transformation, eq. (7) assumes the form:

(F* — F1)(F*+B F2,F1 4 F!,) =0,

ﬁ=5—5’(1-—-tg’%>,

(YR 1
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Eq. (7') breaks up into two equations:

F:—F2 =0

p

oy "
F'+3FLF:+F;, =0. (7)
The root F = F_ of eo. (7 corre;nonds to the minimum of the function
cfl-?z (fig. 3), while the roots Fl and F2 of eq.‘(7'") correspond to the

maximum of function ?l—%:

Fl = :pl//-—;_'*']/ﬂ —1

4

- YA
Fg-——:r‘p‘/—_.z" V4 1

" 2
?he frequencies Fl and F 5 sati sfy the condltlon‘ F1F2- Fav . The roots
Fl and F? of eq. (7'"), determined from ea. (8), are real when

B<O

Br>4. (9

Thus, in view of inequalities (9) and (9'), the following must be satisfied:

p=c—s%L:mh%}<m
g>=2

..86

(9'a)

J
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In the wmeral case, th. er, (7'") har real roots when

In the 1irmit, conseormtly, o Y

corresnond Lo the rorv s of (7'") ant (7") coin~iding, i.ed, Fl F2 = P:w'

\']—f‘.\ =@' occurs only when F = Fav' Jhen F ;‘.F‘av, the

the g ¢ 3 florense I‘

difference '1»1—-7‘.; £ @

o obtain the nhase cherac! eristic in the formm of a daitle-peak curve

ig egarntial that daeew lities (9) and (9') be satisfied., Knowing

the exir mal Urecvenriaes F‘1 an! ¥ it is poscille to deteriine the raximum
.

vha e devintion., Par tais rurnose ‘L s eor enint Lo derive an eruation

SR

£ar (con ohtiired a“tL r certadn t.oansforrations as:

) o

rax

.. a Ay _ 2 2 _:_3_4“_9...
(5, )/ S e

2
(10)

. (10) estahlishes <he dependence mase devialion A on Lh- marameter

O when 8 ie vrescer bed, Of smtipest in »lottiw the »hase cheracteristic

are al<d the ‘recuencics F_ ¥, At wich the differcme@l -.ff'z agrin
- Xy .

becorr = erunl to @

Trese fraanencies 2an ~» Aetermined starting with the following

consicderationse
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Several values of Fb,/Fav = f(S) are given in Table 1.

Q0% | B 60" | B =

FFep | FiiFcp | Fl¥ep

0,37 0455 | 055
027 0312 | 0388
0,18 02
0,13 0,142

Table 1

. Tnasmuch as the phase characteristic is symmetric about Fav’ the

value of F can be determined from the equation

F,-F,= Fp - (12)

To determine the frequency ranre of the phase characteristic it is necessary

to determine freaquencies F5 and F‘6 (fig. 3) at which q’l—?)z =@ - A .

This can be done with the aid of the equation

(252, me (3,

TS DAL e Ve SRR SR 0T 1

} ' oximetely.
For the frequency Fé << F y® €9 (13) can be solved apor y

Je thus obtain:

.)s‘

a? ]
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(ea. (1) ane (1b) are real for aprroxira ely S ) 3.5)
where S3 —o.

Q=S —
ctg? —‘:- (14a)

Further, usine eauation F
(15)
i i } s ints of the
As foll e from fis, 2, ‘reocuencles FS and Fé are the end poin

) AL kY d (15) lead
freouency rance, - therefore “5,/. =F JF a. (14) and (15)

5 -~ “max’ min’

an eanation for the arove rela*i v chip:

%] a
c'g(—'z_""?) 53

\

- 3 = ; in Table 2 for differett
The values of the ratio FmaX/Fmin = (/) are shown in Ta

values of 9 .

W.oa0e | w600 | A=wt |

-~
'naw:’nlu F.noxcl‘p.luu i F.u.mr F.«un

1 82
I i ' 122
a < 17,6
“l 87 W7

R : ) | 55
' |
!

[ Table 2.

i

' -

i ". &.I - 3 *
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The amalysis riven and the ecuations derived permit selecting, vith

suf fi ient accuracy, the hasic narameters of “he circuit when@, A s or

’

O i Aa,
Fmax/ win Are.assigne

1

The selection of the basic mrameter $(10) vermits determining a = S5+ 2

2

Of greatest interest in sinsle-sideband telephony i< the "mean" vhase

and consequently also the values of C_, R2, R?’ ete,

characteristic (fig. h), where the maximum deviation of the vhase difference
reaches. + A/? within the frecuency band. Thus, in the given case, the
acceuracy in raintaining the phase shift is dcubled. For the sake of briei‘ness)

we shall from rov on designate the charact ristice of Figs. ? and 4 by I amd’ II

‘*e spectively.

-

~%
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[T e ] S i
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ot — T-—
i\
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!—l.
-

Analo~msly with the preceding care, ve have for F = Fov

A
2 *  (léa)

‘ Hence the exoressions for the natural varametric frequencies assume

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0

the form:

.l__ S K]
Fo=F, ‘2“2(‘% .:_)"}“"/4“"(%——:-)-*-1

o +1
]/"'“'(e 8)

The extremal frequencies Fl and F_ are determined from ea. (8). However,

we have here ﬁ =6 - -Sz[l- t.an.ztb/l& - A/3}-)

The maximum phase deviation can be computed with the aid of the equation:

(17

2 rz(, ..
‘

¥

s i

Ja,

N e (_:2;_4__‘,_)_3_‘/5-[1—@(%_%)]_} ctg (—:1—1;-).(18) |

Fig. 5 shows the aurves of A /2 = £(S) for three values of @. These

curVes\ were commited in accordance with eq. (18).

“To plot phase characteristic II, the values of the frequen cies Fq, F!

‘ - , Fh and;‘;""h"(;fi?.-g. L), at which Cpl—?é = 9, ray be necessary.

"

3
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-
| Sepit e

The equation applicable to these fremencies is (11), vhich can be

approximated by:

(18¢c)

A more accurate dependerce of Fz,/Fav ard F"l;/}“&w on S can he obtained
with the aid of the curves of Fig. 6.

Correapondingly, ve obtain from the symmetry condition:

-

F? F:

'
1";,= L H 1"3=—'—' —_—

Fy F, (184d)

The equation that permits the end points FS and Fé of the frequency range

to be determined can “e written as:

§

.

o)

£

d

P

-
9
2,
i
55,(.
‘

B

AR
-
P
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An approximate’ solution to eqe (19), taking into account the fact that

= anv/Fé' yields the relationship

The curves for A /2 = £(S) of Fige 5 permit'us to solve the most
frequently encountered problem - - determination of the parameter S when @
and A /2 are assigned. However, one must not exclude the case when
Fmax/Fmin and @ are given and it is necessary to determine the maximum
possible phase deviation /_’] /2, together with the parameter S required for

this. Generalized curves for Fmax/Fmin = £( A /2)* at various values of @
are given in fige 7o The curves of Figs. 7 and 5 make it possible to deter-

mine the parameters of the four-terminal networke.

LTS A

o34 F_sanl_ §-60°.

233 053 — 7@

L& 062 ;

Gty 5 |
[(l$7~ .-

AV 98— b

B ey —

a9 t a7 —'—-'——‘—--Grts?

0261 Q86— e v L s

R Y SRS

O G4 —-

523283~ et
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L 7S TS
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TS DR B
J 35
Figure

*The "2" is lacking in original text - Editor.
- (2R 1
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e s

e camrut ation » oredure Wl a’rea v ‘neric

atarac eristic,

£2y

. PRI - . wal < of F OT‘C :'-‘ or
Knowsing 2'0. 0 and a, “net DCCSCTCArd the wnlue Ry 19 3
. .

- chs &3 n
C i vossihi conimte Al sar el ements of tre phasc-shifting
b'l, 1" is vossihie to comimte 11l tre necessary

four-terminal networ«s,
ALl the above derivations avply wHen the load resistances R in the
snode and cathode circuits are relatively snall, Thus, vhen R << Ry» the

i 21igil ters of the frur-terminal network and
resultant error is ne3ligible. The parameters o

the value of R rmst therefore he choscn such that RRy = 1/50 to 1/100; it is

therefre clear that it is sesirable to choose tubes with low internal

.resist;'nces and with K -h plate currents,
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3, TEYPANDING THE BANDWIDTH OF THE FHASE SHIFTING CIRCUIT.

CAS CAPE CONNECTION

It follows from the ahove analysis thet if @ =60°it is possible to

- -0
construct a phase~shifting circuit having an acauracy A/2 =1 ina

frequency range Fmax/ Fuin = 11. Correspondingly, for

A

A oo, Faee _ g5,

' An effective solution to this problem is cascading the phase shifters in
pha;e opposition. They are so connected that the overall phase charactaristic
becomes the difference of the phase characteristics of the two phase-shifting
circuits. A block diagram of such a cross conrection is shown in Fig. 8.

In this case the overall rhase characteristic equals:

_(.5(2

LI
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It is cvidént that the overall characteristic (type II) canrpt assume
anywhere over its range values which are bey ord 2] * é- , 1.e., the following

condi tion must be sati sfied:

A LA
9g—S<p<H b

The most canvenient is cascading of phese shifters having symmetric
characteristics. It is possible to use for this purpese active phase-shifting
networks, which produce symmetric- characteristics at various phase-shift angles.
Investigations show that phase shifting networks having phase differences@ and
97 - © have symmetric characteristics within definite prescribed limits. Such

phase-shifting circuit satisfy the condition:

L )

Here S, pertains to the phase shifter with a phase-shift angle§), while
5, pertains to the one with a phase-shift angle ] -6.

Thus it is possible to obtain a phase shi ft of 120o usin g opposite~phase
excitation with the aid of two phase shifters: one having@ = 120o and the
other withJ( -0 =60°, The output here is a characteristic with a phase
'shift of 120° over a'wide freouency hand (say 100 to 6000 cycles), sirce
each phase-shifting network is c:lesigrdhs for this bandwi dth.

Fg. (23) topether with the ahove curves and relationships permit design
of phase shifting'networks for phase shifts eaual to'ﬁ -@. The base

points of the characteristics are symmetric in this case.

ar
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| e
by m(m OF DESIGN OF PHASE SHIFTING cmm'r mRB =600 ANDE;'%’ =,

AR

We chooae a charactqristic of type II. From the curves- of )Pig. 5 and 7 w

obtain 8 = 3,74 and me/Fmin = 18. Let the minimum frequency of the ran8°

we are interested in'b;y F = 200 cycles; then F = 200 x 18 = 3600 cycles.
. min " max , :

Wle obtain F v /F min . Y 200 x 3600 = 860 cycles.

Using eq. (17) we find: Fop = 1365 cycles, Foo = 528 cycles.

To plot the phase characteristic through the principal points, it is

necessary to compute the values of the frequencies F

12 727 '3 L

(fig. 4). F, and F2 are detérmined from eq. (8). Here P = 6 - 82(1 - ﬁanz(G/L, -

sy FO F , Fl»’ F:'a, and F!

- B/g)) = -7.05. Hence F| = 2270 cycles, F, = 317 cycles.

With the aid of the ocurves of fig., 6 we L = Foy x 0,27 = 232 cycle

2
F' -F B = 51 cles; F. = F = cF'=F2/F =
N w X 0.6 = 515 cy 3 Fy av / F|, = 3050 cycles; F‘3 Fav / ), = 1380
cycles,
On the basis of the above, we choose Ra R1/100 and a 6P3S tube
(permissible plate dissipation 20 watts).
The amplification factor of the tube and the anode and- cathode loads
W _ -
= s = = R 00 ohm, R; = 8000 ohm,
For class-A operation, Usin 4 30 volts, Thus, the voltages across 'che

anode and cathode resistars are UR e Uy, - K = 23,7 volts. We then have at the
. . 1
output of the four-terminal netwark e, = Up (1-4a) = 7.1 v., where a = —3F§ =

0.174.

37
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The el cments of the fowr-terminal networks are computed from the follf>wirg
I IR 1. ___ha
relationships: R2 = Rl/a; g, = Cy *as3 RB = .___l;li- 25 C3 = 2 02’
where Rl = 100:R, = 50, 000 ohm.
5, FAPERIMINTAL STCTION
An experimental study was made of two -'.i¢ -band phase-shifting networks
having phase shifts of 40° erg 120° and comnected with equal-phase inputs. The

range was 100-6000 cycles and A/2 = 3%, Both phase-shifting networks

employed 6Zh8 tubes. Rk = Ra - 800 ohms, and Rl/Ra 2 50, To reduce the

effect of parasitic capacitors, the capacitors used in the variaus circuits
were made relatively large.

To provide closer adjustment of the values of the resistances amd
capacitances, adjusting elements were added to the phase-ghifting-network
circuit. All resistances were measured to within four significant fi gures.
Hich~quality and high-stability "styroflex" cavacitars were used in the
circuit, having an accuracy of 1-0.53.

Uo' *'d!,’v); ”at =J8

M) .

o o b4 g-:20 °
5t 1a81 g6z (ein TN SRR UEHUS)

P T (- R -
v . : .- \
120 \” — g \ R A

8
116
11
12 |8
"

i K7 rl,”/; 260 435 375 - 1380 2300 W0 &0 690 F

Fig., 9 = Equal-Fhase Connection
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The elements of the phase-shifting networks must be very accurately
chosen, for on them derends the constancy with which thephase can be maintained.

Thus, for example, for the relatively low-frequency region (x << 1):

-

¢ = arclg: s . + arcty d — rae S =S4 3 + 3,
. X ——— X ——

P 4

ac AR
S S+ +3p+Rni = TR,

. ete,

To measure the phase shifts, a special phase meter was constructed, a dual-
chmnel dewice to whose input the sinusoidal phase-shifted voltages are aonlied.
In each channel the voltage is converted into triangular pulses. The pulses
are further shifted in phase and summed across a comron loed. The resultart

"d-c component turns out to devend on the nhase shift. To increase the
. sensitivity of the instrument a hucking circuit was used, in which the instrumert
needle reads zero far 6 = 120° or 60°, Further needle deflection corresponded
to the dg{r‘iation—of thg phase characteristic. The phase meter was specizlly
_ I'gra;duatéé for various frequencies. |
For’ higheg accuracy, each measurerent was made three times. Befare the

© measgrements, the constancy of the potentials across resistors R was checked,

.and amplitude characteristics were plotted.

1
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Aftar certain corrections were made to the amode and cathode circuits,

the resultant phase characteristics were quite salisfactary and deviated little

from the computed values,

§=60°
(cummae GIMWIIUG}

3
-2

% N d N N > oo

H 1 !
%0 X71% 267 435 775 1380 2300 344040906000 F

Equal-Phase Connection

Fig. 10
Fige. 9 an 10 contain the vhase characteristics for CE 120° and
o)
@ = 60 respectively, Fig. 9 cortains also the anplitude characteriszics

Uout = £(F).

In concdl usion, I thank Professor B, P, Terent'!yev far reviewing the

manuscrint and fa valuable comments, and al o A, A. Shenovin and V. D,
Veynshteyn for help in vmerforming the ewo'rimert arnd planning the work.

Article received by editor 5 May 1952,
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.
TWO-WIRE THROGUGH CONMNECTIONS. OF HI GH-FREQUENCY TELEP HONE
CHANNELS

N. A. Bayev and
A, P, Resvyakov,

active members of the Soci ety

l'l‘he ar'mcle considers the stability conditions of high-frequency
) telephone channels both for a sinzle relaying section, as well as

;for several sections :mtercomected by a two-wire through line. It

1. R STABILITY OF HIGH-FREQUANCY TELTPHONE CHANKELS OF A JINGIE
‘ RELAYING SECTION
5 To. ‘:iete;vnim ‘the stability of a high-frequency telep hone channel, it is
—pblssibie_ to use the block diagram of the channel, which is based on an aerial,
L cable, or comb:med (radlo anc’ w:Lre) lines (flg. 1).
) h—wire thmuph connectlon

'
)
[
!
'
1
1
!
1
'
|
L
]
]
'
'
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)

that will follow, it will be assumed that the number of intermediate
unidirectional amplifiers comnected in series will not affect the stability‘
of the connection. This means that the, sfgbility of the channéi in the case '
of a single relay section is independent of the distance, and that the stability .
of the channel in the case of several relay sections intercomnected by four
wires is equal to the stability of the channel of a single relay section,

The extent of the stability, determined on the basis of the conditions
given above, depends in the case of a single relay section on the residual .
at,tenrxation, the external load, and the diagram of the 1ow-i"requency‘ section
of the apparatus,

The extent of stability is computed, as is known, from the relationship:

— s P

c—S,,'—S,“, * (l) \

vhere —- stability, Sg. —— critical amplification, Sop -~ operating éllxiplif‘ica—
tion of the high-frequency telephone channel for one relay seétion.

“hen determining the operating amplification sop it is necessary to
take into account the external load anfl the diagram of the low-frequency
portion of the apparatus. :

ihen the stability is determined experimentally, its value is defined
by the relationship . ) -1

o o tntba _ dntin @ |
me 2 I

where bexp -~ stability as detcrmined experimentally; brl ard br2 -— residual

danping of the high-frequency channel, measured in the forward. and reverse

directions, with the nominal losd replacing the operating loed, and at the

i

¢ . 103
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same time with the feedback no‘t being taken into consideration; b'rl and bir2
residual attenuation of the high frequency channel, corresponding to oscillation;

they are established in the presence of feedback currents, but are measured

in the absence of the latler.

It is evident-that the stability values determined theoretically and

experinentally should be the same. However, when the stability is theoretically

determined the effect of feedback currents is usually not taken into account

and all that is détermined is the nominal stakility; which agrees with the

experimentally-determined st.abiiit}ﬁ only under certain conditions, namely:

9, ™= Sxy—Sur ® l

where b, is the nominal stabiiity, i.e., the stability determined by
computation without taking feedback into account; .scr - critical amplifica-

. tion, defined as half the sun of the halanced damping; 5, —- operating amplifi-
cation of the ch;annal di sregarding the effect of the feedback currents (under
nominal load).

On the ot%er hand, if the feedb';r:k currents are taken into account,

it is necessary to use the actual amplification Sa instead of Sn; the value

of the stability then becomes

@

~—vess & Wb c'-s”—s"

oA - .

where ba -~ aclual s‘tabi':Lity, i.e., the stability as determired by computa-

tion with the effect of the feedback currents taken into account.,

Sa’ in turn, is obtained from the Aexpression

S,=IS,+ASI +(S,-8S)
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- =ei'fect of? the feedback c‘rx}

G :.‘vf
5.‘

. Y e .. -t“f_

i

To be able joo change over from the nonunal stability to the actual one, ,,

it is neceasary ’oo evaluate the effect of the feedback currents. The limiting
cha.nges A S OP* BS( 1) in the nominal amphﬁ.catzon of the channel due to
the presence of /feedback currents , are shawn in fig. 2. Plotte& along the
abscissa of ﬁg. 2 is the value of the nonunal stability L of the quantity. -
=b =2 @, i.e., the extent of attenuation in the loop, - - ;
The ‘value of the actual stability d‘, or more accurately, of its, upper '

limit, is easily determined from eq. (5), (4), and 3)

- <. - [ - - I

AS=S¢_S-=SW—S~—°¢"°~_°¢‘

&

s

[ * “en

0y =0,'—AS. l‘

The nomnal stabllity of. the channel of a sinzle relaw section, both
opan—c:rculted or_short-circuited, is egual to ’che res:.dual dumpa.ng and does
" not depend on the attenuation of the lengthemngﬁengthenmg coi:

To prove the correctness of this assumption, it is enougl to determihe

the stability in accordance with the c1rcu1t shown 1n flg. l. Ii‘ the

resmual damping b will be connected betweeh’pomts A-A, the damping of the

set of leﬂgtheners to either side will be bL :r + by, -and the characte'rlstlc

-
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impedance will equal the input impedance of the balanced equipment*, thenr 'g_ﬂ

the amplifi cation ei‘f‘ectwe at points B-B ghould be S, ZbL- b - 2b_ st (bsﬁ“ia "
the attenuation of the supplementary station lengthening coil).

Jith this as a start, the value of the nominal open-circuited (or'
shorl-circuited) nominal stability is determired as

o, == Sx, —Sy=b,— Sy=b, (1) ,

P

S,=2b,—b,=2b,,,

and the balanced attemuation is

~

__a[Zehd, +2Z +Z] In [_‘_i'ﬁ.'_r_] =25 ().
m"m[z:hg-z Ll e y
Since exmression (7) is general in form, and is valid for any value

of the lengthener abticnuation bL, starting with zero.

The nominsl stability ¢, of one relay section can therefare not be

—

increased by introdueing addilional lengthening coils.

The value of the experimentally-determined stability d'exp can correspond
not only to the nom¥Fhal stability @, but also to the actual stability S,
Actunlly, if it is assumed that in ea., (2) bl = b, - Sy, and b, = 5,, then

oniy in that case is @, bpt since

exp = O’

-

b;=b,—S'—b,—[S,+AS]——- AS'

v = (o (2), (5), and (6)].
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B

L, aS=Ye y=e " T

e
-t

S e ey s

Fig. 2

2. STARILITY OF HIGH-FRELURMCY CHANXNTL IN CASE F TWO-«IRZ

THROUGH CORIECTION

To deterrine the stability of the channel in the case of a two-conductor
throurh connection, it is possihle to employ the concept of nominal stability,
inasmuch as the relationship between the nominal and actual stabilities has bheen
determined eﬂm{_e:. Usually, to meintain the same residual attenuation of the

resultant comrection, two so-called through lengtheners, each raving an

attenuation br/2, are disconnected at the point of connection of the terminal

apparatus., N

However, disconnecting these lengtheners reduces the stability of the

resultant comneciion. This does not contradict the staterment made above that
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: ncminal stabllity o, "of the channel (see eq. (1) and (2)) through-connected

’ with a two-conductor line, can be determined as:

- ,-

—uh4u+c'4+dr N (a2 )
Ong == 2 2

e

’_,_4-‘_....»
e

ou=—In{a+e] (10)

H i tch attenua-
“for the middle one of three relay sections; here b con is the misma

tween two thmugrh-connected relay sectimns, and

W,

ti'on at the: connection point be

s the corresponding reflection coefficient

Fig. 3

The quantity that indicates the reduction in stability when the number

: ires is i ‘ red with
" “of relay sections through-connected by two wires 1S increased, as compa

308
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the stability of a single relay section, i. e., with the stability of a four-

wire throuch-connection system, can be determi;led as follows:

¢
-

14-4e ]
A‘o,,,-:,,-—s,., —l—-%—-

for one of two relay sections, or

A o,.,—o.,—‘c,.-ln [14-ae*).

for the middle one . of three relay sectims. -

For the resulta,nt connection to opernte atably, it. iu deairable that

expressioms (9) and (10) bé as .'Lsrge; as possible, and ex]x'essims (1.1) and (1.2)

be as small as possible (rig. h) o

067 6-6-5A)=2 M)

26~ eﬁ-s,‘-.gm-w
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part of the line, the stability of each relay section will not iucrease,
pa T
P o ant O ¢:~ wi ll i’:crease
discussed ahove, hut the stability of the resultant conneciion *l
considerably in the case of a iwo-wire throuprh connection.
. L2 -

It lengthening coils of a definite value are used, the Uio-iire throuh

connection can be practically equivalent to the four-wire connection.
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Fig. 5

To determine the stability of the channcl in this case (fig. 5), it

possible Lo write the following relationships:

—(Bep +40 ) —(0, 4+ 20, + 0pq—ibc )
b' 4 ?br. —-ll[c er m je r (4] m (1 ] ] -4 b‘.
2

_ b -in[ae”Memy et
2

L

& 04

b . = 0.4 nepers
st

_J 0 _ax
165 0F 47 & |

\
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for the channel in the case of two relay sections, or

e, = —'In [Ae_”“" 4- e"’]

for the middle one of three relay sections.

The extent of reduction in channel stability when it is introduced into a

two-wire throush connection can be Jetermined from the expression

.

Ag), = In[l +de b ~Mem)
2

for one of two relay sections, or

43, =In[1 + Ae b ~?¥m] (16)

for the middle one of three relay sections,
For stable operation of high-frequency communication equipmert using two-«ire
throush comnections, if reflection ( A - 0.2) exists at the junctims, it is

necessary to employ auxiliary station 1 engtheners of not less than O.4 neper

(fig. 6) or 1 neper (fi=., 7).
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et Tl consider Ll e rethed s that vemidt reducles che red cetior
~oeffi~s - of L' dnmmce ‘evizes Of the low-"reutency rtortion of *re preryains,
50 #< Lo insure stanle oeration when two-uire threuch copmzoetinr e nve uned,
Redueing the reflection coefficients of *the irmt devices of the soraratus

™ mite {iereag’ns the mismateh atternuation beiw en the low-frenuency porticns

of the apparatus, connected by nmeans of two-wire throwtd conrections (fir, §):

. 1 Zanl+Zanl
b =In— =lIn Zan_ 1 -an__
o A Zgal—2g5ll |’

or between Lhe low-freauency portion of the apwvaratus and the subscriber's line:

‘ -_— _I_E__ Zan+z¢6
bor = Ing; = In | Zert2et |, (18)

To determine ‘the amount of mismatch atlenuaion. it is necessary to know
the input imvedance of the apparatus (poirts 1-1) of the differential system,
and also to have data co cerning the supvlementary instrument conrected bhetween
the indicated points and the external terminals (A-A) of the apparatus (fig, 1),
Let us determine the input imne;dance of the ¢éifferential systen, disregarding
the supplementary ecuivment,

‘ In this case the input impedance of the differential syster can be determinec
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| i i i £ ur- i evwark ¢
o from the 'general exvression for the input irpedance o.T.‘ a £ ur-terminal n

2, ARB mZy(Zy+4Z)H4ZTG (19)
- VT CRut4, nZ+4(Z+2s)

i

i ¢ the i ) i s, related
lere Al’ Ao’ B and C arc the far-terrinal -retwork coefficients,

by the equalion }“1 ;\2 - B0 =1;

-

RI —- load resistance of the four-herminal network under consideration;

Z. —- input impedance of the four ~terminal-network investigated at
1 14 R b

terminals 1-1;
n -- Lransformation coeffici nt of the differential trinsfarrer;
-~ impedances connected to terminals 2-2, 3-3, and 4=4 of
the gdifferential transfrorer;

7 .. characteristic imvedance of di fferential sycler,
o

If the load impedances are proverly sclected, 1.€.,

-

Z
Zn-%; Z,=Z, K Za""?ot

tren 2, will equal - as a result of (19).
6 ) .
‘If only ona of the load impedances, Zq or Zb, differs from the nominal
value by g ‘f;'imes, $+t- follows from (19) that the inpubt impedance at terminals

1-1 #ill ecual

3m4-1 21
v N z:"’zo';'_g~ (21)

If"both.load inbeclmuces Zq and Zh Aiffer from the nominal by m times

(identical shop tolerances), then

\

t

\ -
.

4

i 22
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Finally, if load impedances Zq and Zh differ from their nominal vnlues
by m and 1/p times respectively, i.e., 5_123 and%_;z_y, or ZB/B and mZb, +hen the

input impedance is
Z,w=Z,. (23)

Thus, by satisfying condi tims (20) or (23) it is possible to dbtain a
sharp reduction in t'hg i_reflection coefficient between the input impedance of
tt:e apparatus, and the load replacing the aibscriber line, or the input
impedance of the appar;t.us that is being through-comected. Similar results can
be obtained by introducing through-line lengthenny coils in adéition to station
lengtheningz coils (fig. 5).

The effect of the supplementary circuit, vhich is connccted into the
low-frequency portion of the apparatus, must be taken into account, by deter-
mining the deviatiox; of the input impedance from the prescribed value.

If the supplementary circuit acts (for most of the srectrum} like a
f.‘éxu‘-—ter\m’..nal network with a chavacteristic impedance eqial to the characteristic
%mpedabnce of the diffe.zrential circuit and the lengthening coil, then it is
necessary to add to the attenuation of the lengthening coil the valve of the

.attenuation of the above-menti oned four-terminal network. The value of the

stability remains almost unchanged in this case.

. If the auxiliary.cix:c\ﬁ.t forms an incomplete terminal network, then the
: stabilit;y may change -~decrease or increase, depending on the external circuit

and its operating conditions (open-cirait, short-circuit, connected to operating

- load," etc.). The supplementary circuit will leave the stability practically

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100006-0

unchanged if the relationship betseen it «amd the balanced circuit will
correspond to a mismatch attenuation bm (sup) 7/ 3.5 nepers.

For stable géeration of a hi h-frequency channel, through-connected
in a two-wire circuit, it is necessary to heve at the junction point
a reflection coefficient of 0.07 to 0.1. To attain this, it is necessary
to have a reflection coefficient nat exceeding 0.03 to 0.05 between
the input impedance of the apparatus (withait a through lengthening coil, but
with a statior; lengthening coil) and a 600 ohm load.

In conclusion, it must be noted that if the above values of reflection
coefficient are not obtained (either by improving the input impedance of the
apparatus or by connecting station lengthening coils), then the two-wire
thr ough—-connection will be of low quality and must be replaced with a four-
wire system.

Article received hy editar 31 January 1953.

REFERTNCES
1. N. A. Bayev, Telefonnyye promezhut_ochnyye usiliteli fTelephone Repeat.erg] .
2, N. A, Bayev, D: I'E.. Andreyev, A. P, Rezvyakov, "The Problam of Selecting

the Circuit for Th’muph Comnection" Vestnik Svyazi (Communication News, No. 2,

19145 . )
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CONCERNING®A. A. KHARKEVICH'S ARTICLE ON "DETECTION OF WEAK SIGNALS"

Engineer A. K. Rozov has addressed the editor with a question concerning
the article by A. A. Kharkevich on "Detection of Weak Signals," published
in the periodical Radiotekhnika /[ Radio Engineering] No. 5 of 1953.

A. K. Rozov asks: "Which of the two methods for detecting weak signals,
discussed in the above article -- correlation or accumulation method --
requires a longer time of transmission of the useful signal? Does the
correlation method offer a possibility of reducing the required signal-
detection time as compared with the accumulation method when the same input
and output signal-to-noise- conditions prevail? If so, how is this
reconciled with the principle of "incompressibility" of the signal and with
the well-known theorem on the connection between the power spectrum w ()
and the correlation function‘{"

B The text of A. A. Kharkevich's answer to this letter is given below.

Direct comparison of the expectation time for the accumulation and
correlation methods is impossible because the noise properties are not equally
dofin‘ed in both methods. In the accumulation method noise is described by
its mean-squared value, & . In the correlation method, on the other hand,
the situation is aglflitionally described by the correlation function r¢ f (T)
of the noise. The expectation time required to make R¢¢ and Ry, of the

comparable order of magnitude can be determined from the equation:

7 =1

=
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(it is assumed that ro. ~s1). This equation must be solved with respect

to 7 , and for this it is necessary to know the correlation function.
Instead of the correlation function, it is possible to prescribe the noise
power spectrum, inasmuch as the two functions are uniquely related by a
Fourier transform pair.

Concerning the possibility of gaining and the concept of "§ ncompressibility,"
the latter must not be considered as simplified. In any signal transformation
there exists a certain transformation invariant, but the "volume* of the
sienal is not necessarily this invariant. Speaking more simply, whenever
any "measure" of a signal is reduced (i.e., its duration or the spectrum
width or the dynamic range), another measure (or measures) is increased,
but the "volume" of the simal may chanve at the same time., To make a
mechanical analogy, it can be said that the situation with the deformation
of the signal is analogous to that prevailing in the deformation of an
elastic body; for example, in the case of a longitudinal compression we
observe a transverse expansion, but this expansion i{s lower than would take
place were this body incompressible, so that the volume of the body changes
nevertheless. ‘In the theory of elasticity, the relationship between the
transverse expansion and the longitudinal compression is given by the
Poisson equation. Similar coefficients can also be introduced to describe
the deformation®of signals; these coefficientswould be different for various

types of transformations.
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. ‘PROPESSOR S; I. KATAYEV'S FIFTIETH BIRTHDAY

s -

Ir.t"!obru;i'_y of this year the Moscow Flectrotechnical Communications
" 'Institute honared the head of the television department, Doctor of Technical
" Sciences, Professor Semyon Isidorovich Katayev on his fiftieth birthdey and

. the twentieth anniversary of his scientific and pedagogic work.

) S. I. Katayev is one of the leading scientists working in the field of
modern means of electronic television and pulse techniques.
A. S. I, Katayev was born in 1904. In 1929 he was graduated from the
Moscow electrotechmical school, in"uoniing as his thesis project his first
| theoretical investigation, devoted to energising radio-receiving devices
from thermocouples,
Purther work by Semyon Isidorovich was devoted to electronic television
systems and to pulse techniques. In 1931 he invented a device for television

et e el e ==

transmission containing all principal properties of the modern iconoscope,
and he attairied the establishment of the development of this tube in the

- All-Umion electrotechnical institute (VEI).
In 1932 the periodical Tekhnika Svyasi [ Communication Engineering_/

bttt m et b
ek R,

published an article by S. I. Katayev, establishing the advantages of
electronic television system over mechanical ones. In the same article he l

PENPR

*. emphasiged that the transmitting television system must employ the storage

effect and cited as an example a simple transmitting cathode-ray tube,
proposed by him, with a one-sided mosaic, which permitted practical realization

of the principle of charge accumulation. \
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In another of his suggestions, dating back to 1932, S. I. Katayev
pointed out the advantages of employing in cathode-ray tubes the transfer
of the image electron from a conducting photo-cathode onto a dielectric.
This idea, further ;ieveloped by P. V. Timofeyev and P. V. Shmakov (1933)
has been realized in modern tubes with image transfer.

Under the leadership of Semyon Isidorovich, the first high-vacuum

magnetic-focusing receiving tube was also developed in 1932; this tube

replaced the gas-focusing tubes employed at Lhat time.

In 1932 the Svyaz'izdat published a monograph by S. I. Katayev,
nCathode-Ray Television Tubes", in which along with the attainments in
electronic television, there is an exposition of the essence of the
jnvestigations made by the author on the role of secondary electrons in
cathode-ray television tubes. The dependence on various factors, observed
by him, of the potential of an i{nsulated electrode bombarded with electrons,
remains to this day one of the most important basic premises in the design
of transmitting and receiving tubes,

From 1937 to date S. I. Kitayev has continuously been in charge
of the television faculty of the Moscow Electrotechnic Communications
Institute.

In 1940 Svyaz'izdat published a book, Osnovy Televideniya [ Fundamentals
of Television_/, edited by S. I. Katayev and written by a group of authors,
Individual chapters of the book were written by Semyon Isidorovich. This book

withstood the test of time —- for 14 years it has been the basic text book

for higher communication schools,
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In a monograph published in 1951 by Gosenergoizdat, "Generatory
impulsov televisionnoy razvortki” [Pulse Generatars for Television
Scanning] , I. S. Katayev gives an original "mosaic" method for constructing
simplest relaxation oscillators producing electric pulses of prescribed form,
and an analysis of a self-excited sawtooth oscillator.

The problel-a of pulse technique, to which iS. I. Katayev devotes great
attention since 1936, have found expression in many pulse generators of arbi-
trary wave form, invented by hﬁ,' in several lectures, and also in a doctoral
dissertation "Problem of obtaining electric pulses of any furm," which he
sulmitted to the Moscow Electrotechnic Communications Institute in 1951.

S. I. Katayev carries on considorable work in the popularization of
modern attaimments of leading Soviet science among the wide strata of the
population. The All-Union Society for Propagation of Political and Scientific
Knowledge, of which he is an active member, has published many copies of
lectures that he delivered in the lecture hall of the Po}}technical Museum,

" and organises sygtmtically lectures on various problems of tgleviaion
engineering.

Along with scientific and pedagogical activities, S. I. Katayev carries
on considerable social work; he is a member of the board of the All-Union
Scientific-Technical Society of Radio Engineering and Electric Communications
imeni A. S. Popov, director of its television section, and also a member of
the editorial board of the periodical "Radiotekhnika" /[ Radio Engineering_/.

S. I. Katayev was awarded the order of the Labor Red Banner, with three
medals, and with an honorary diploma by the Usbek SSR.

Mcﬁng his fiftieth birthday in full bloom of his creative farces, S. I.

Katayev devotes all his efforts to the development of the Fatherland's science.

-
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AT THE ALL-UNION SCIENTIFIC TECHNICAL SOCIETY OF RADIO ENGINEERING
AND FLECTRIC COMMUNICATIONS IMENI -A. 3. POPOV (VNCRIE)

The All-Union Soviet of scientific engineering-technical societies has
campleted the Society's work prt;gran for 1954, presented by the Board of the
VNORIE. Particular attention was devoted in the program to the question
of participation of the Society in cooperating with the development of
electric-communications and racdio-installation means in rural localities.

It has been decided to carry on at various localities joint conferences with
the Commnications Ministry and with other interested organisations; these
conferences would be devoted to problems of development of intra-rayon
communication and internal-operation communication in the kolkhozes and the
machine-tractor stations. Consideration will also be given to problems in
onerating kolkhoz radio centers and to radio jnstallations in the farms.

In accordance with resolution by the party of the government, the

ble
industry is faced with the problem of expanding the manufacture of marketa

products for mass .consumption, and improving its quality. To aid the industry,
the plan of the industry provides for carrying out many conferences and meetings
for wide evaluation of the quality of the apparatus and of the assembly parts,
issued by the industry, and the development of sugrestions for their improve-
ment.

Scientific-technical conferences, which will be held by the Society
Jointly with interested organizations, will deal with evaluation of the

qualitative indices of tape recorders for popular use, and to consider
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problems associated with selecting sound-carrier systems; particular

examination will be made of the qualitative indices of long-playing
records and of devices for their playings

Provision is made for msasures contributing to interchange of
scientiﬁc-tochnicalj practical experience. Serving this purpcse should be
the scientific technical conferences, devoted to the celebration of the
Radio Day, which will be held locally by branches of the Society, and also
a series of other msasures, among them being: conferences devoted to problems
of automatisation and mechanisation of manufacture, to problems of development
and mamufacture of loudspeakers for radio receivers, to operating experience
with communication equipment, and automatization of electric-transmission
lines, etc. Work will continue on the introduction of advanced labor methods
in related enterprises,

An important task is the raising of the scientific-technical level of
members of the Society. The plan provides for lectures on scientific-technical
topics, organisation of seminars and of study circles. In particular, it is
intended to organize in Moscow a lecture series on the statistical theory of
communications, and others,

A considerable section of the plan is devoted to the question of
participation by the members and by the organizations of the Society in the
socialist competition for better results in the adoption of advanced techniques
in manufacture.

The work program of the Society provides for many discussions, in

. which the most important scientific-technical literature on radio and
electric-commnication problems will be examined on the basis of widely-developed

i34
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criticisn and self-criticism; there wﬂl also be heldreaders' conferences,
where the contents of the periodicals "Racdiotekhnika", "Radio" and others
will be reviewed.

The most important measure will be to prepare and hold the second
congress of the members of the Society to elect the leaders of the Society

organizations. The conqress will be held in Moscow in May 1954, directly

after completion of the All-Union scientific session devoted to the celebra-

iion of Radio Day.
' It is planned to hold a scientific-technical conference in the second

quarter of this year; this conference will have as its purvose to evaluate
the basic problems associated with the improvement of sound quality in radio
and television receivers, and to define the scove of further improvement.
Invited to participate in the work of this conference are enterprises and
scientific-research organizations of the radio industry, of the Ministry

. of Communications, and of the Ministry of fuel and local industry of the
Ukrainian, Belor{xlsion, Russian, A:orbaij:an, and Latvian SSR's.

The Society Board has organized, together with the USSR Academy of

Sciencosf.abor‘atory for study of scientific problems of wire coommunication,
a series of lectures on the theory of relay-contact circuits and their

appl
of the lecture series is echeduled for 4O hours. The first lectures were

jcation to the development of automatic-commnication circuits. The program

already given.
The Society Board held a conference devoted to intercity television

networks, The conf'ererico discussed problems of television transmission over

cables, and also norms for television channels.

vf'a;;_' jnq

-
- - v
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Many lectures were devoted to methods of narrowing-down the frequency

spectrum in intercity television, and methods for correcting television

sicnals. Also considered were problems pertaining to rebroadcast of

television programs and to long-distance reception of television broadcasts.
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: Am;lifiern).

.»._._'.

7»rru.bles 75 .kopecks.

-

'I'he author cons:l.ders maividual ty‘ﬂ‘ea of electronic and ion amplifiera

e .

o which have received basic application in automatics a.nd in éiéctrometering tech- :

s

He describes the fen.tu.res of these amplifiers, gives an analysis of their * f

d‘l“ .

s nology.
operat:.ng regimes. and explains th aactibn of the circuits. ‘The book is intended
for engineering-‘bechnioal workers vho need to be concerned with questions of ampli- .

fier use in connection with automatics and construction of devices, and “‘should

also prove useful for university students of the pei:'tinent disciplines.

N : ¥ - ) 3
L. S. Gutkin. *Preobrazovaniye sveichvysokikﬁ ’phastot i ‘detektirovaniye® (Trans-

formation of UHF and Detection). (Questions of Theory and Computation). Gosenergo-

izdat, Moscow~-Leningrad&, 1953, 2;1513. price 16 rubles 80 kopecks.
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The boow is intended for scientific personnel. engineers and students of% o

¢

advanced radio courses.

Ya, L. Al'port, V. L. Ginzburg and Ye. L, Feynberg. "Rasprostranehiye radiovoln®

(Propacation of Radio Waves). Gostekhizdat, Moscow, 1953, 883 p., price 33 rubles

05 kcpecls.

In tane book are exanined the main questions of the theory and experimental

. investigations of rropagaiion of radio waves over the entire radio range--from

amicro-radio waves to lon, wgves. The book is designed for students in advanced
courses, asgirauts, engincers and scientific ,ersonnel. It may be used both as
a rofoune study of the question and for inveatigsatory work, as well as for prac-

tical cou_utations.

Correction te taue Jouarnal "Radio EZn_ineering®, lic. 1, 1954:

On page 74 in tue 2ad colwun, 13th line from the top, the following words are
.issing: "For tie De.srtucnt of the Puysico-mathematical 3giences, N. N. AndiSTAT
ras scZecbea as Acade.ician, vhile L. il. Brekhovskikh was chosen as Member-corres-

pottacntb
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